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I. TJTl~E 

STATEMENT OF WORK 
Contract EP-<~-lll-001 

Additional Experiments for Decontamination of Materials with Ozone Gas 

II. PERIOD OF PERFORMANCE 
The period of perfonnance for the tasks detailed in this ~tatement of Work (SOW) 
shall be ~ • g £1 31, 29il~ . 1 . • \ 11 + .,. ( "' " I' 

A -f'V'C)N\ s~~+e.,._ ~Q.y 0 I J ~0 ( 0 -tvv V~h.,. >"f'l}~vS ..::> I f>4.V I. 

III. SUMMARY OF OBJECTIVES 
This work will provide data on the cftcctiveness of ozone gas to inactivate B. anthrads 
spores on different materials. 

JV. RELEVANCE 
The results of these tests will provide the decontamination technology user nnd 
stakeholder with high quality. peer-reviewed data on the effectiveness of ozone gas to 
decontaminate building materials contaminated with B. anrhracis and a surrogate. The 
results of the work will be made available to the homeland security and emergency 
response community through published reports, journal papers, and/or conference 
presentations/proceedings. The infonnation will also be used to develop guid::mce 
documents pertaining to specific threat .agents and release scenarios. 

V. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting. 
human health and the environment from accidental and intentional releases ofnazardous 
and toxic materials. According to Homeland Security Presidential Directive 10 (HSPD~ 
I 0), the EPA is tasked with developing strategies, guidelines, and plans for 
decontamination of persons, equipment, and facilities following a biological weapons 
attack. In response to this directive, the EPA Office of Research and Development 
(ORD) National Homeland Sc~;urity Rc:scur.,;h Ccnt~;r':s (NHSRC) Decontamination and 
Consequence Management Division (DCMD) is investigating methods and technologic~ 
for the inactivation of spores (e.g., Bacillus anthracis Ames) on materials/surfaces. This 
work will build on the decontamination studies that have already been conducted. 

VI. SCOPE 

The purpus~; oftht:! ~ludy is to investigate the use of ozone gas to decontaminate different 
types of materials inoculated with B. anthracis spores. Sufficient replicates, blanks, and 
positive controls shall be used, consistent with standard microbiological and quality 
assurance procedures, past work conducted by the contractor, and studies being currently 
conducted by the contractor. 

VU. TI<:CHNICAL APPROACH 



For each decontamination test, the effort shall include the recovery of viable agent from 
each material before (positive control) and after decontamination. Five replicates for 

each agent-material combination shall be included in each experiment. All experiments 
describw bdow shall bt approveu by the EPA Work Assignment Manager (WAM) prior 

to commencement. Test and analytical methods shall be adopted from past or on-going 
efforts, in consultation with theW AM. 

VIII. TASKS 1-3 
The Contractor shall perform the following tasks: 

1. Prepare an amendment to an existing quality assurance/test plan ( QA TP), which 
will be provided by the W AM and which pertains to ozone gas decontamination 
test procedures. The amendment shall cover the experiments as described in Task 
2 of this SOW. 

2. Conduct experiments to quantitatively determine the effe.ctivcness (log reduction) 

of inactivating IJ. antlu-acis (Ames strain) spores and one surrogate specie (B. 

subtills) on different material coupons using ozone ga'>. Six material types shall 
be used for testing, and shall include gla.'>s, wood, carpet, laminate, metal 
ductwork and painted wallboard paper. (The same materials used in previous 
projects with the contractor). The experimental matrix shall include tests to he 
conducted at one to four different ozone concentrations and one to two different 
relative humidity (RH) levels, for a totul of no more than four different ozonc/RH 
combinations. for each of the four ozonc/RH t~sl combinations, the efficacy at 
three contact times shall be assessed. The first test co.ndition will be provided by 
the W AM at the time of developing the QATP amendment. The remaining test 

conditions will be detennined based on the results of the first experiment and 
provided by the W AM. Tests shall be conducted in a small chamber, consistent 
with previous tests of fumigants conducted under previous projects with this 
contractor. Tests shall include u sufficient number of replicates, positive controls., 
and blanks- consistent with previous projec;ts. Finally, a qualitative assessment 
of the impacts this technology has on the coupon materials (such as structural 
damage, surface degradation, discoloration, odor, and other aesthetical impacts) 
shall be noted for each test. 

3. Prepare a test report (a draft for WAM review and approval; a revised draft for 
peer and QA review; and a final) be which shall include the test conditions, 
methods, quality assurance, and results of the tests conducted per the 
requirements of this SOW, as well as the tests conducted under WA 0·01. The 
report shall also indude a brief description of the ozone generation teclmology, in 
terms of its operational features pertinent to the potential user. The report shall 
conform to the requirements of EPA's Handbook for Preparing Office of Research 
and Development Reports (EPA/800/K-95/002). Substantive portions of this 
handbook can be found at www.epa.gov/nhsrc under the policy and guidance tab. 



IX. QUALITY ASSURANCE 
The awardee ~hall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action; see 
attAchment# I and #2. The contractor shall prepare a QAPP in accordance with 
h!JR 1/\\\\\I . .,·.p.a.g~Jv/,m~tliJ.::ltg;~doc~·l2 :!hlll.Ll'!Qf or based on th~ type of research that is 
being conducted. For guidance on preparing a research-specific QAPP, the preparer 
should refer to the project i:ipecific requirements provided in NHSRC's QMP. The QAPP 
shall be approved prior to the start of any laboratory work. Additional information 
related to QA requirements can be found at \\ \~ \.\ 

X. DELIVERABLE SCHEDULE 
l. Transfer of project data shall occur via electronic mail at the conclusion of each 

test These data shall include, but not be limited to, ozone level, temperature, RH, 
and viable organism counts for test and control coupons. 

1. QA'I"P mnc~uuir~~;~~· .:.=.=~.:~ .. ~~~~~;(' a~~in d;tc ·-------+--........;;;;.;;.:=.a:.;:;:.:;:.::.:::~::..:..:.--..... J 



NHSRC QUALITY ASSURANCii IU!QUIREMEN'TS fORM 
.,., ...... ~, ___ , _______ ~ttachmem 1, to ,t,he St<Jtement of Wo!k ____ ,, .. .•• , 

I GENERAL INFORMATION 

Title: 

Oeeerlpt:lon: 

Project X:D; 

Status: 

Additional Experiments for Decontamination of Materials with Ozone Gas 

Additional experiments to ba <onducted as a follow on to WA 0-01 

3.10AJ. 

Ori9inal 

QA Category: ![! 

Action Type: Extramural 

P-r Review Category• IV 

SKurlty ClasslfiGlltlon: Unclassified 

Project Type: Anpli~>rl RP.~;Mrrh 

QAPP S\utu~> 1: Not Delivered 

Vehicle Status: Existing Vehicle 

Vehlde Type: 
Ve!1H.J(' tium~Jer 

\V0rk A~.>S;tJ:'I!l~dr'H hh:n;bc-r: 

!::P·C·lO-OOJ 

N/A 
D~)liv..:·rv(f,_1-;:<: Orc>:·.r N<.J:nt:~~~' N/A 

r~~odifktJtt~>r·~ Nt;rnbt?r: N/A 

Otht~r: N/A 

if you arc processing an lAG or CRAOA, the responsibility for QA must be negotiated within the agreement. The 
rt.Ps In consultation with rhe QAi"'s in rne vanous organlzauons muse agree on, ana oocument, whiCh organlzt:Jt/on will 
t<Jkc the lc<Jd for QA, the names of the QAM <ltld TI..P from e11ch organiation, M<i the QA requirements that will be. 
adher;gd to during the agreement. Tnr:lude this info in tho TAG/CRADA fli!cl<age. 

XI SCOPE OF WORK 

Yes Ooc,; the Statement of Work conl;.:lin the ;:,ppropriiltc QA longu;,ge? 

The awardee shall comply with all reqvirements as delineated on the "Quality Assurance Planning Requirements 
form (QARF)" lnduded with this extramural action. The contr11ctor shall prepare a QAPP in accordance with the 
R·<! and R·S and/or the attachments provided wltn tM sow. The QAPP must be approved prior to the start of 
<~ny work. Additional information related ro QA requirements can be found at 
http://www.epa.gov/qualitYJQs·docs/rS-flna!.pdf 

Yes Does this extramural action involve the ~ollectlon, generation, use, and/or reporting of environmental data; the 
<lesign, oonstru<.tlon, an(.! operation of environrnental technologies; or de~lopment of sortware, models, or 
methods? · 
(If "No• then skip to Section IV, and sign the form.) 

l'lo Will the SOW or any subsequent work assignments or task orders involve any cross-organizational efforts 
within EPA? 

No Has a QAPP already been approved ror the activities specified In the SOW? 

No Is an applicable QAI>P in the process of being propared, revisod, or approved by EPA pii:rsQnnel for future use 
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by tile contractor? (QA approve I must be obtained before the contractor «:an start work.) 

III QA DOCUMENTATION OPTIONS 
All documentation specified under ~other• must be defined in the NUSRC Qu11llty Mcme~~J(Imttnl Plan 11ru.J l>e o::m:olstent with requirements d~flned in EPA M<lnHal 536() A 1. For all rtems ch<Kked below, there must be adequate Information in the sow (or Its appendk:P.s} for" the offeror to develop this documentation. Where applicable, reference a specific &ection or the SOW. (R·2 refers to F;,PA (J.ecz!licrw:J.Wiltlt:..£)JJ~fWJ..entfmnJ.iJ:ld!Ji:.21 (EPA/24018·011002, 03/2 010 1) and R· s refers to f!Etl MrtJJif.t:'l!~Ot$..!or. Quclity A~s!Jt:a(JCf{.Pr.RJ.e..r..t.e/J.lls...(,Qdlfi ~~1 (EPA/ 14018 ·0 11003, 0:1! .. ?0101 }. Co:'!ics ol !hr.::;t.} docurtu:ols urc r1vnllabl~:' a! }:lf:~·;/'lj)<t,~v .. __ (~p,:t.()oy/,({i/,·~Htx!<nl ,99F::.~J1(f!J( ) 

After Award Documentation 

R2 

R2 and RS 

RS 

Not Applrcabfe 

IV SlGNATURI! GLOCK 

Documentation of an organization's Quality System. QMP developed In accoroance with: 

Combined documentation of D<' or9anization's Quality System and l'lpplication of QA ar'ld QC to the ~iniJffl nroj~ct covered by the contract: D~v~loped In ae<:ordancg with: 

Oocumentation of the application of QA and QC activities to applicable project(s). Developed in nccordemce with: 

Programmatic QA Project Plan with supplements for each specific project, developed In 
<~ccordance with: 

Exrsting documentation of the application of QA and QC activities will oo used: 

The signatures bE!low verify that the Statement of Work {SOW) has boon reviewed to ascertain the necessary QA and QC activities requ1red to comply with EPA Order 5360.1 A2, that the C()R understands these requirements, and that the COR wHI ensure that the quality requirements indicated on the ~rttvious pCiy~:~s of this form are incorporated Into all associated SOWs. (Sign/date below, orta' concurrence signature from tho QA Staff, ancf submit the form a/on9 with tile other extramural actioa.d«uinent on.) 
··--~--- I . '. >-...;:.. ' ) ~ t'l ·;. >· \~·0; IJ~ .J • i,,[ 1 .. i ·--...... -...:c;:;-.:.....----r--..::...-------· ..:..::... .. x:r1.c: o~~---":'.::...-. .2~:.:d.,.o,(~~..l!Q_ 
Jo~ Wo(l(! 

NHSR<>DCMD Techl'llc Lead Person 
06/lS/2010 

Date 
Eletha Roberts 

NHSRi.·DLMO QA ~taff Mo;.mt:v?r 

OAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from Appendix B of the NHSRC OMP) 

0&/lS/.2010 
Date 

An op~ resecrch project is a ~tudy to demonstralll! thtr perfr.mmmc11 olt«:hnologies under defined condftiOl"'$. The$11 studies Ollie ofTen pilot· or rll!fd..SCI!la. Tile fnllowino requlr-ts should be addresslld as applicable. 

SECTION 0.0, APPROVAL 8Y PROJECT PARTICIPANTS 
The EPA T ecflnlcal Lead Person fTLP) shall tMI resPOnsible tor obtaining siQnatures of appropriate project P311iclpants on too signature page Q( tho QA pion, documenting agreement to pro]«:t ol.ljectilles and the approach for evalootlng these objectMts. 

A dlstnb\ltion tist shall be prcwldod to lacilitato thG di~trlt;ution of tho montmcent current vetslon of lhc C!Af'r> to ell the principal projeCt 
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SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 
1 1 Too purpose of study shall be c levrty st1110d. 

1.2 fhe process, site, fac"ity, and/or environmental system to be tested shall be described. 

1 ~ Project <>bjectlvos shall be cloariy stated and identified as primary Of non-primary. 

SECTION 2. 0, PROJECT ORGANIZA liON 
2.1 Key points ol cont.act for each organization involved in the project shall be Identified. 

2.2 All OA Managers ond !heir relatioNlhip in the organization$ (/,c., IO<:ation within ead1org;~nlclltilm) l>!olllll"' lduntifn:nJ w~h evidence tll&tthe QA ManaQer Is independent of !>fOjed managetoont. 

'2 3 HesponstDit~le$ or au other project participants and their relationship to o1her projed participants shall be identified. meaning that organiz~:~liona respon:~ible for plllnnlng, coordiruulon, wmple collection, :mmvle ~'Ustody, measurerntmlll (I.e., eoalylical, phys«:al, and prOC$S), data reduction, dat~t validation, and report preparation than be clearly identdled. 

SECTION 3.0, EXPERIMENTAL APPROACH 
3.1 The general approach and the test conditions lor each expel'irnenlal phase shall be provided. The statistieal methods that wUI be US<Id w evatuate the data [i.o., ANOVA, or summary statiStiCS) should be Identified. 

(NOTE: As deemed appropriate to the proJect by the TLP, the onformat1oo refltlil~tl!tl in SIIC'Iions 3.2. 3 3, and 3 4 m,.y be prt>sentod ho~ or 111 SectiOn 4; the information requested if\ Sections 3. 5 may be presented here or in Sedion 5: and the information requested In Sedioll$ 3.6 may be preseflled here or In S&dioo 7.) 

3.2 The sampling strategy shall be included lind evidenc~ must be presented to d<'lmonstrate that the $lrategy Is appr<.~prlate for meeting primary proiect objectiv6s, i.e., a description of the statistical method or scientific rationale used to select sample 11K&S end number of samples soan be proVIOe<l. 

3.3 SampUng/monilorino points for all mM!IuremP.nlot (I P. including l~atloM and acceu point') thall bolt idllnt~~. 

3.4 The frequency of sampling/monitoring events, as well as the numbers for each sample type an<l/or location shaH be provided, including QC and res"'"'" &~m~krs. 

3.& All measurements (i.~ .• anelytical {chemical, microbiological. assays!. physical, and process) shall be identified tor <m<:h Mmple type or process. and projed-specifte target analytes shaU oo listed and classitled as critical or noncritical in the QAPP. 

3.6 Tha plann<ld approach (stalishcat and/or non·1itatictioul) for ovoluating projoct objectives llhaH bo •nciu<:le<l. 

SECTION 4.0, SAMPLING PROCEDURES 
4.1 Whenever applicable, tha method used to establish stea<Jy-state condttions shall be described. 

4.2 Known :11\e •• specirk: fll\:to•s lt\dl tn<ly affect sampling!rnoniloring vrr.x;eduroo shall ba describe<!. 

4.3 Any site preparetion needed prior to sampting/monitoring shall oo descnbed. 

4.4 Each sampling/monitoring procedure to be u•eoJ st..,lltru <.tiscv:~~tru vr mrur1'111CI!ld. If C<lmposnlng or splitting samples, those proc.edums shaU bA rloor.rih<l<l. 

4.5 For samples requiring o split sampl1t for either QA/QC purpose$ or for shipment to a different laboratory, the QAPp shall identify who is res,ponsibltit tor spli!t:ing samples, ~td wtwre the sptnting i5 parfomed (e.g., llekl versus lab). 

4.6 If sampling/monitoring equipment is used to coiled critical mea$Urement data (I.e., used to calculate the final concootmtion of a cfitical paremeter), the QAPP shall describe how the sampling equipment is cafibrated, the frequency at which~ is ca~brated, and the !ICC!IPiance cnterla ror calibration Ot calibration vertllcation. as appropriate. 

4, 7 If sampling/monitoring equipment is used to collect critlcal mea surernent date, I he OAPP small d&•wihe ht>W erogs-contaminatlon betw!lell samples is avoided. 

4.8 Tho OAPP shall include a discussion of the procedures to be used to auure that repri!IS<Ifllatlve sample$ are CQ!Iacted. 

4.9 A ti$1 of sample quantities to be collected, and the sample amount n;qulred for oaell aMJiy$1$, ineWng OC sample analysi!l, shall oo specllle4. 

4.10 Containers used for Sl!lmole coll&dion. lflll"'sport. and storage for sach AAII'Iph> tyr><> shAi h<>l d~~tS~:ribed. 

4.11 Detcnoo hl)w s.amptes are uniquely identitlod. 

4.12 Sample preMrvation methods (e.g., mft'IQ$11'1hOo. oc~fification, etc.). inr.lud!ng sp.tc;lfoc reagents, equipn'IQnt, and supplies 
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4.12 Sample prHervation methods (e.g., refrigeration, acldtfl(:atlon, ere.). lnctudJng spec~k: reagents, equipment, and supplieS 
requiflld 10<' ;;arnplq pi'Herv.-Uon shall be d~$Ctlbed, 

4.13 Holding time requirements shan be noted 

4.14 Procedures 10<' packing and shipping samples shall be desclib«l. 

4.15 F'10eedures 10 maintain chain_ot_Ct.I$1Qdy (e.g .. custody seats. records) during transfer from the field 1othe laboratory, in the 
laborntory, ll<1d among contrnclors and subcontractollJ shalt be descrlbeo to ensure that sample tntegtity ill maintained. 

4.16 Sample archival requirements for eaeh relevant organization shllU be provided. 

SECTION ti.O, TESTING AND MEASURE ME: NT PRO I OCOLS 

5.1 Each measurement method to be used shall be described in detail or referenced. MQdificalions to EPA_approved or similarly 
validllted methods shall be specified. 

5.2 For unproven methods, verffication data appllcabk! to elCpected matrices shall be included in the QAPP meaning the QAPP shall 
proYide evidence that the proposed method is capable ot achl~vlng !he desired performance. 

53 For m"asurements which r0quire a ca»bratlld cystem, th~ OAPP .. ~~ .. ~ includa spaeille <:allbratlotl p!O¢ll'durec applicable tQ oach 
project target analyle. and the procedures for verifying txllh innial and continuing calibrations (includino freQuency and acceptance criteria, and 
corroc1M! actioos to be performed if acceptance criteria aro not mot) 

SeCTION 6 0, OA!QC CHECKS 

6.1 At a minimum. the OAPP shell include quantimtive eeceptance criteria for QA objectives aliSOCiated wrth eccuraccy, precision, 
detection limits. and completeness lor critical measurements (pr~•. phy~ir.al. ~tnd AMiytical. as appficable) lor each matrix. 

6.2 Ally addrtional project-specifiC QA objectives shall be presented. including acceptam;e criteria. This includes ~ms such as mass 
bale nee requiremcntll. 

6.~ The sptlclflc procedures used to assess all identified QA objectives shall be fully described. 

6.4 The OAPP :>ll<illlist~<rnJ tlefnm all other OC cllecKs and/or pi"'Cedures {e.g .• blanks, surrogatas. controls, ere,) used for the 
project, both field and laboratory. 

6.5 For each specified QC check. or procadure. required frequencies, associated acceptance criteria. and corrective actions to btl 
pedormt~d if !><X.'ep\a!lce crlledu urt: not met sh.olllJiillriclu®d. 

SECTK>N 7.0. DATA REPORTING, DATA REDUCTION. AND DATA VALIDATION 
7.1 The rei)OI'IIhg requirements (e.() .. units. roportlno methOd [wet or dry)) for a~~<'.h mt>al'urem•mt and mAtrix shan be it'ktt11ifl9d. 

t.'l Tlw delillerables expected from each organi.Zation responsible for field and laboratory activ~ies shal be listed. 

7,3 (}ala redU<:tion procedures specific to the project. and also specific tn each org!lnitation. dtllll t>e summarQ:ed 

7.4 Data validation procedures speclfiC to each organizatiOn used to ensure the reporting of accurate project data to internal and 
t:xtemol clients shall be "ummarlzed. 

7.5 Data storage requirements for each organi~ation snail be provided. 

7,6 T~ producl do~"'"""' 1hat will Lte preP<J•t.>U for the prvjec1 shall be specified (e.g., )Oumal anlele, final report, Ole.). The comem:s 
of this d<>eurt'IE'nt can be reterenced to a NHSRC or pf'09ram-speclfoc QMP, ~appropriate. 

SECTION 8.0. ASSESSMENTS 

8.1 The QAPP shall identity all scheduled au~its (i.e .. both technical system audits fTSAsl and petformance evaluations (PEs]) to bill 
performed. who win perform lhes~ audits. and who will receiVe the audl reports. 

8.3 The responsible party( -ies) for implementing con-ective actions shall be idl!n1ifled. 

SECTION fMl, REFERENCES 
Refercru:;:e.s 'hall oo provided either In the br:xJy ot the IIIXI liS ruutnot~Jsllr In 11 ~•mste :teot.WII. 

Attachment #2 
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To the Statement of Work 
Requ lrements!Defl nitions list 

EPAII Quallt:y System Websfts: ~ruh'WWYL!l!l~l!ll 
EPA'u R;~tqulremonts and Gut~ [}oeumonts: htte:II~PJ!..:l1!2Yl9S.!l!lll'flgflJ!~Jbtl.!ml EPA's Qualljy System Web$!te: Jml?~~ !l»~'!'ll!li!itvlil!:.<!tm~L~:final.f!d1 

In aeeordan~ with EPA Oroor 5360.1 A2, eonforrrlanC<! to ANSIIASQC E4must bo demonstmt<ld by oubmltti!l11 th6 quality documentation descnood herein. All Quality doe:umentation shall be submitted to t:h$ Government for r&vlew. The Gov19mment will mvlew and return th& qv1111ity llOCUimlntallon, With oomments. aoo indicate approval or disapproval. If tho quality docvmentation is not approved, H mu5t be revised to address ell comments end shall De resubtTUtted to the GOI/emment lor approval. Work involving environmental data collection. generation, UGO, or re.porti!l11 Gholl not commence until the Covemmont hu approve the quality documentation. Tho Quality A$01urBt1W Project Plan (QAPP) shall be svbmilted to the Government at least thirty (30) days priM to the beoinning of any environmental data gathefi~ or generation activity in order to auow svfflcient time tor review and rOIIision• to be compktted. Aller tho Gowrnment has approved IMI qoallty docVmentation, the Contractor shaU also Implement it as written and approved by lhe Government. 

These requirements typically pertain to single project tfforts. Tho flvo speelffcatlona ana; 

(1) e d8$~nption of the organization's Quality SyGtem (QS) and lnfonnatlon regarding how this QS Is document«!, CM!municalt!d and lmphamonled; 
{2) an organizational chart showing tn. position of tho QA tunctlon; 
(3) delineation of tho authority and responsibilities of the QA function; 
(4) tho background and e•penonc;t of tho QA pel'$onnot who will bo aasigned to the project; and (5) tho organlutlon's general approach tor accomplishing the QA o~peclflcatlons In lh11 SOW. 

NHSBC QA Requirements/Definitions List 
Category Level Designations (determines the level of QA required): 

[l 
D 
fiJ 
0 

Category I Project applicable to stutlias perfmmea to generate data vseo tor enforcement activities, litigation, or reS;earch protect involving hvman subjoects The QAPP ~hall address all elements listed in "ll:P'A Roquirt)menta for OA Projflel Plans, t;PA QA!R-5. 
Cet.:ltJory II f>roje<:t- appli<?llbl& to atudie$ perl<>rmed to generate data U$<ed in 11ouppqrt of thft dovefopmant of orwin;ntrn!llntaf reavtallons ot standards. The QAPP shall addrMs nil ektm&nt$ listfld in "EPA Raquiremvnts fo< QA Proje¢1 Pkt®, EPA QA/R-iii. 
Catooory Ill Project. applicable to project• involving applied researCh or teChnology ovnlualions. The QAPP ;ehell addrest the applicable sections of "EPA ReQuirements for QA Project Plans. EPA OA/R-5 as outlined in Ins NHSAC'" OMP: QAPP requirements for lhe speciflC project type (see below). 
Category IV Project • applicable to project$ involving basic researel'i or preliminary data gathering activities. Th& ClAPP shall addre~n the applicable sections ot "EPA Requirements for QA Project Plans. EPA QA/R-5 as oultined In the NHSRC's QMP QAPP requirements tor the spectflc pro1ect type (See below). 

Project Types: 
The$8 olltlln~ of NHSRC's QAPP R&qulrnmenlt! for various projllCt typw, from ApPII'fldtx B of tho NH$RC QMP (VXCfiPI wnere nt.horwlse not«!), 111'<1 conc!onaod from lyplcnlly 11ppllcabht uflellone of A·~ (liPA Requll'<lm<>nt$ f()r QA Proje« F'tllmt) f!nciGnt lntonclad to &&rw as a st.ar1lng point when prope.ring a QAPP. Ttrose !lets a.nd their format may not lit every -rch SOIInario and QAPP's must conform to appNcable sections or R·5 in a way that tully desclibas the research plan and appropriate 01\ and QC measures to fll\&ure tllat the c:tata are ot ooequate quahty anc1 quant•ty to ftt their intended purpose. 

~ 

D 
D 

Applied Roscarch Project · pertains to a study peorlormed to generate data to demonsmne the performance of accepted prooooses or tedmologles under defined conditions. 1'he$e studies are often pilot· or flefd.SCiJie. The QAPP $haD addreaa all r~~quiruments ll:lted In ·QApp Requirements tor Applteo Researel'i Project!l" from Appendix 8 ofiJl.e NHSRC OMP. 
OUIC ~rch Pro~t ·pertains to a study performed to generate data used to evalua«~ unproven 1~$. ~llllell, or 'leehnologies. Those •tudies ere ol'l$n bench·6cala. The QAPP uhalladdross. allt6tfu!rements llsted In "<lAPP Requlfomonts to.r Basic Research Pr()jEiet$' from Appendix B of th41 NHSRC QMP. 
DOGign, Conmructlon, tmdlor OPQrotlon of Environmental Tec:hnol.ogy ?roje~t • P1iii'Ulin'ii lo onvifottnlOtlll'd teel'inology dosillned, constructed and/or operated by and/or for F PA. TN! QAPP shall addrets req vl1'9ml!nbl In the EPA Q!Jl\Uty Syctom docvment ·auidance on Quality AS9uranc& for Environmental Technology Design, COII&truc:tion, and Operation• G-11, at nl!P.!~..&R'tJlP.ti.C!IJ,!ilyj.QS-<12[Ji;l!llJ.:t!M!:.Q.§.QQf For add~ionol information. you may refM to Part c of ·speelficotionll and Guidelines for Quality Systems for Environmental Outa Colledion and Envin;llwnental Technology,• ANSIIASQC E4-1994, Amorlc&rl Soeitlly for Quality Control, Milwaukee, WI, Jonuary 1995. 
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D 
D 
D 
D 
0 

D 

S<>eietyfor Ou~lity Control, Milwauk~te, WI, January Hl05. 

Geospatial Data Quality AuuranGO Projocl ·pertain$ to data collection; data processing and analysl5, and data validation of 
o• .. ,s,.....liAI Anr>fir.J~tltm~ 'rh& ClAPP !ihl!ll add<EVi~ requlrementt m thq EPA Quality Sy$t~ docum~mt 'Gul<lance for Geollpatial 
l)llta Quality Assurance Proj(!cl Plans" ()d)S at )\1J~J..Y'"€!P~,g1:1Xh.l!Jl!J~tyfQ$.-Iil1cs,iq5q·f<n~.l·ll5.pdf 
Method Development Project· pertain$ to situations where there Is 110 existing standard method. or a standard method needs to 
be significantly modified for a specific appHc;otion. The OAPP shall address an requlr&ments listed ill "<lAPP Requlremen\$ tO( 
MethOd Development Pro)ects"1rom Appendix B ollhe NHSRC QMP 

Modell)(wolopment Project -includes all type$ of mathematiool models including static. <lynamic, detenninlstie, stochastic. 
mechanistic. empirical. 11tc. The QAPP shall attdr0$s requirements 1n 1110 t;;PA aua11ty System docvmertl "Guidance tor Quality 
Assurance P~j9Ct PlaN for Mo<leling" G·SM allJ!.lRl~P . .:LS.9X~;tl!a!il:tl\t~\t'i.&~st~Jl1;tJ_11l!UXf! 
Sampling and "nalysla Project· pctllline to the collection and analy$is or sample& with no objvctiv!tll other than to provide 
CllaractMization or mon~orlng information The QAPP sha:J addre&& all requirements listed in "OAPP Roquiromenta for $amp!il'lg 
and Analysis Projects" from Appendix B of the NHSRC QMP 
S~ondary Data Project • certains to environmental data collected from othor sourCGs, by or for EPA. thAI Rtf! ullftd fnr purposes 
other than those originally intended. Source& may inelude. literature, industry sviVeys. compilations from computeriZed dstabnes 
and 1nformauoo systems, and computerized or mathemat•cal models of onvironmental proe&s&es. The QAPP shall address all 
requirements !~ted tn "OAPP Requirements for Sewndltry Dat<t Projects· from Appendix 8 of thtt NH$RC QMP. 

Soltwlint Povol~pmem and Oata Management ProJK'l ·pertains to software development, softWarnlnaf\'IW!Ire 
ayalems dove!opmant, database oeulgn ond maiMonance, data validation end venfi¢.\ltion sytlem:~~. The OAPP ahell address all 
requirements listed in "OAPP Requirements for Software DevelOpment Projects' from Appendix B or the NHSRC OMP. 

Definitions: 

Environmental Data· These are any measorement or informetion thet describe environmental procenes. localiOf\. ot conditions: ecoiQiJical 
or healltl effeets directly from measurements. produced from software and models, and compiled from other sources such as data bases or 
the Uterature. For EPA, environmental ctata InclUde Information coltectett directly rrom measurements, pro<Juood from softWafll and models. 
and compitod from Olhor sourooG tuch a$ doto booeo or litoroturo. 

Quality Atsuran~;e (QA) • Quality assuranoo is a system of management activities to ensure that a process. Item, or service is of the type 
and quality needed by the customer. It deals with setting pohcy and running an administrative system of management conti'Ois that <Xl\ler 
planning. tmpternentallon. and review of data conect1on act•vtttes and the use of data in decision making. Quality assurance I$ just one patt of 
a quality system. 

Quality Assuranco Project Ptan (QAPP) ·A QAPP is a document that descnbes the necessary Quality assurance. quality control. and other 
teehn.c~~l aetiv~ie~ that must be implemented to ensure that the resulls of the work perfolll1'XI w11i satisfy the stated J'NtforrnanOI:!' criteria. A 
OAPP dot:umel\ts project-specific inft>tm9lion 

Quol!ty ControiiQC) • 0110iity wntr<>l lit a teclln~l function that lncludel ill! tlllt &\Olentiflc precautions, such a1> ~liblatiomi and duplicatlOOS, 
which are needed to acquire data of known and .adequate quAlity 

Quollty Man&gem<~~>nt Phm (QMP)- A aMP is a document thai des.cribes an Of9anization's/program's quaNty system in term'$ r.~llhtt 
organflationaletrudure, policy and procedorllll, functional re:sponAibiliti&$ of management and 5taff, llncm of authority. and A>qoinld lnt~~trf-a 
for thoso planning, implementing, documenting, and ossessir~goll activities conducted A QMP documents the overall organizationlptogram, 
and ts prtmartly applicable to multi-year. multi-project efforts. An organization'stprogram's QMP shall address an etementsll$1ed in lhe 
'Req~ll'l!menUI for Quality Management Plans· in App(llldix e of lhts NHSRC QMP 

Quality Syt~tern • A quality system 1sc the means by which an organization manages "&quality aspects in 11 sy$!emetic. orvanized manner and 
provld\ls a framnOrk for planning, lrnplenwnting. and ~:~ssesslng work pelfomned by an organization and for carrying out reqUited quolity 
assuranoo and quality conttol activities. 
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Subet.antlve Chango. Substantive change Is .any change in an activity ttlat may alter tfle qualtty of data beins used, gonefl'lted. or gathered. 

Tachnlcat Lead Person (TLP) • This per&on is teC~nieaJiy respon$ible for the proJect. f()( extramural contract work, the TLP is typicallY the 
contracting otfJCer's representative (COR). For intramural work. the TLP is typicaUy the Principal Investigator. 

COR Co ntracung Officer's Represe ntatrve 

NHSRC Na1ional Homeland Security Research Center 

NRMRl National Risk Management Research Laboratory 

QAIO Quality Assurance Identification 

QAPP Quality Assurance Project Plan 

QS Quality System 

TlP Technic:ll L.ead t:>erson 

Attachment #2 to the Statement of Work 
Revltl•on 1. March zoos 
NIISR:C 06102 
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I. TITLE 

STATEMENT OF WORK 
Contract EJ>-C-10-001 

Decontamination of Soil and Materials with Fumigation and Liquid Sporicides 

II. PERIOD 01<~ PERFORMANCE 
The period of performance for the tasks detailed in this Statement of Work (SOW) 
shall be from September 0 I, 20 I 0 through August 31, 2011. 

III. SUMMARY OF OBJECTIVES 
This work will provide data on the etiectiveness of a fumigant to inactivate B. anthracis 
spores in soil. 'This work will also provide data on the effectiveness of aqueous solutions 
of CJ02 to inactivate B. anthracis spores on different materials including soil. 

IV. RELEVANCE 
The results of these tests will provide the decontamination technology user and 
stakeholder with high quality, peer-reviewed data on the effectiveness of a fumigant to 
decontaminate soil contaminated with B. anthracis spores and a surrogate. At the time 
of writing this W A, the fumigant has not been selected, but will most likely be either 
CI02 gas (i.e., a continuation of work conducted under W A 0-2 of this contract), methyl 
brornide, or sulfuryl fluoride. Work conducted under WA 0-2 of this contract related to 
the use of aqueous CI02 solutions wi II continue. The results of the work will he made 
available to the homeland security and emergency response community through 
published reports, journal papers, and/or conference presentations/proceedings. 'I'he 
information will also be used to develop guidance documents pertaining to speci fie 
threat agents and release scenarios. 

V. BACKGROUND 
'fhe U.S. Environmental Protection Agency (EPA) has the responsibility for protecting 
human health and the environment from accidental and intentional releases of hazardous 
and toxic materials. According to !Jomeland Security Presidential Directive 10 (IISPD~ 
I 0), the EPA is tasked with developing strategies, guidelines, and plans for 
decontamination of persons, equipment, and fllCi!itics f()llowing a biological weapons 
attack. In response to Lhis directive, the EPA Office of Research and Development 
(ORD) Nationalllomeland Security Research Center's (NITSRC) Decontamination and 
c:onsequence Management Division (DCMD) is investigating methods and technologies 
f(>r the inactivation of spores (e.g., Bacillus anthracis Ames) on materials/surfaces. This 
work will build on the decontamination studies Lhat have already been conducted. 

VI. SCOPE 

The purpose of the study is to investigate the use of a fumigant to decontaminate soil. It 
is expected that either Sabre Cl02, methyl bromide, or sulfuryl fluoride will be used for 
this portion of tht: project. Aqut:ous solutions of CI02, prepared using the Sabre system 



as welL will also be tested for decontamination efficacy on different types of materials 
inoculated with B. anthracis spores. Sufficient replicates, blanks, and positive controls 
shall he used, consistent with standard microbiological and quality assurance procedures, 
past work conducted by the contractor, and studies being currently conducted by the 

contractor. 

VII. TECH.NICAL APPROACH 
For each decontamination test, the effort shall include the recovery of viable agent from 
each material before (positive control) and after decontamination. Five replicates for 
each agent-material combination shall be included in each experiment. All experiments 
described below shall be approved by the EPA Work Assignment Manager (W AM) prior 
to commencement. Test and analytical methods shall be adopted from past or on-going 

efforts, in consultation with the W AM. 

Vlll. TASKS 
The Contractor shall perform the following tasks: 

1. Prepare an amendment to the quality assurance/test plan (QA'T'P) for the 
experiments in Tasks 2 and 3 related to decontamination of soil using a fumigant. 
Microbiological procedures, soil coupons and measurement of temperature, 
relative humidity (RH), and fumigant levels shall be consistent with procedures 
used under previous projects with EPA. 

2. Conduct experiments to quantitatively determine the effectiveness (log reduction) 
of inactivating B. anthracis (J\rncs strain) and B. subtilis spores in two different 
soil types using a fumigant such as ClCh gas generated with the Sabre system; 
methyl bromide; or sulfuryl fluoride. (The W AM will provide the name of 
fumigant to test, and initial test conditions. prior to developing the QATP 
amendments under task \.) The soil types to use for testing shall include a topsoil 
from a retail provider, and a standard soil such as Arizona Road Dust. For each 
microorganism and soi I, six tests shall be conducted. These tests shall be 
coni1gured based on various combinations of fumigant concentration, contact 
time, temperature, and RH. Temperature, RH, and fumigant concentration shall 
be measured and controlled during fumigation tests. 

3. Conduct triplicate tests using standard methods to determine the moisture and 
organic content of the two test soils described in Task 2. 

4. Prepare an amendment to an existing quality assurance/test plan (QATP), which 
will be provided by the WAM and which pertains to decontamination tests using 
Cl0

2 
as a liquid spray sporicide. The amendment shall cover the experiments as 

described in Tasks 5-6 of this SOW. Mic.robiological procedures, coupons and 
measurement of C\(h levels shall be consistent with procedures used in previous 

projects with the W AM. 

5. Conduct experiments to quantitatively determine the effectiveness (log reduction) 



of inactivating B. anthracis (Ames strain) and B. subtilis spores on coupon 
materials by spraying (e.g., using a small hand held spray bottle) aqueous Cl02 

solutions generated with the Sabre system. Up to six tests shall be conducted on 
six materials using various combinations of C!02 concentration, application rate, 
and contact time in order to optimize decontamination efficacy. These materials 
and initial test conditions will be determined by the W AM at the time of writing 
the QATP amendment under task 4, but arc expected to be materials such as 
topsoil, Arizona road dust, wood, unpainted concrete, and others. 

6. For the tests conducted in Task 5, the ClCh level and pH of the test solutions shall 
be measured. 

7. Tests shall include a sufficient number of replicates, positive controls, and blanks 
-consistent with previous projects. Finally, a qualitative assessment of the 
impacts this technology has on the coupon materials (such as structural damage, 
sud~1ce degradation, discoloration. odor, and other acsthetical impacts) shall be 
noted for each test. 

8. Prepare a test report (a draft for WAM review and approval; a revised draft for 
peer and QA review; and a final) be which shall include the test conditions, 
methods, quality assurance, and results of the tests conducted per the 
requirements of this SOW, as well as the tests conducted under W A 0-02. 'T'he 
report shall also include a brief description of the decontamination technologies 
tested. in terms of their operational features pertinent to the potential user. The 
report shall conform to the requirements of EPA's Handbook for Preparing Office 
of Research and Development Repotis (EPA/800/K-95/002). Substantive 
portions of this handbook can be found at www.cpa.gov/nhsrc under the policy 
and guidance tab. 

IX. QUALITY ASSURANCE 
The awardee shall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action; see 
attachment # l and #2. The contractor shall prepare a QAPP in accordance with 
IH1n:fL\:y~vw.cpa.goyf..qll?.JiJy[g~:~!C?~0Lr5:tlD.~t1mlJ or based on the type of research that is 
being conducted. For guidance on preparing a research-specific QAPP, the preparer 
should refer to the project specific requirements provided in NHSRC's QMP. The QAPP 
shall he approved prior to the start of any laboratory work. Additional information 
related to QA requirements can be found at :W~Y\:Y,~I2~tgQy{ml£lli!Y-

X. DI<:LIVERABLE SCHEDULE 
I. Transfer of project data shall occur via electronic mail at the conclusion of each 

test. These data shall include, where appropriate, Cl02 level, fumigant level, 
temperature, RH, pH, and viable organism counts for test and control coupons. 



as possible 



NHSRC QUAUTV ASSURANCE REQUIREMENTS FORM 
iUCiJCftment 1 to t11e Stdtement of Work 

I GENERAL INFORMATION 

Tltlc! 

Description: 

DecontamlnatiM of Soil And Materials with Fumigation and UQuid Sparicides 

This is a continuation of a current WA to investi9ate efficacy of CI02 liquid and 9as, and 
possibly anottuer fumi1111nt 

Project lO 1 

Status: 

Number Ammended: 

3.10A2 

Original 

QA Category: Ill 

Jl.<;tlon Type: Extramur31 

Peer Review Category: IV 

Security Classiflcath:m: Unclassified 

Project Type~ Applied Research 

QAPP Status 1: Not Delivered 

QAPP Stawa 2: Not Delivered 

QAPP StaWs 3: Not Delivered 

Vehicle Status: Existing Vehicle 

Vehicle Type: 

\t/o~->2.. As5iqnrr,(1t1t Norni)Cf~ 

ll.eL very; r dSk OrcJt?r' NuJn~JCr; 

M<1tHfkal:io11 Nti!Hb<:•·: 

Ot!r~:r· 

EP-C·lO·OOl 
unknown 

n/a 

n/i.'l 

n/a 

If vou are processing an IAG or CRAOA, the re:sponstblfity for QA must be negotiated within the agreement. The 
rLP$: in com;ultatlon with tl'lP. QAMs in the 1111trious Of'9ani:zations must agree on, and document, which organization will 
take the lead lor~ the names of the QAM and TLP from each organization, and tile QA requirements tllat will be 
adhered Ill during Che agreement. Include this info in the JAG/CRADA peck11ge. 

II SCOPE OF WORK 

Yes Does the Statement of Work contain the appropriate QA language? 

The awardee shall comply w1th all requirements as delineated on the ~Quality Assurance Planning Requirements 
Form (QARF)" included with this extramur;~l action. The contractor shall prep&N;! a QAPP in :u.:r.ordanc:e with the 
R·2 and R-S am:J/or the attachments provided with the SOW. The QAPP must be approved prior to the start of 
any work. Additional information related to QA requirements can be found at 
http://www.epa.gov(QuaHty/Qs·<locstrS·flnal.pdf 

Yes Does this extramural at:tion involve the eollcction, generation, usc, and/or reporting or environmental data; the 
design, construction, and operation of environmental technologies; or development or software, models, or 
rnethOOs? 
(If wo• then skip to Section IV, and sign the form.) 

No Will the SOW <;Jr any subsequent work assignments or task orders involve any cro!ls·orQanlntlcnal efforts 
wit1lin I!PA? 
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No Has a QAPP already been approved for the activities: specified in the SOW? 

No Is an applicable QAPP in the process of being prepared, revised, or approved by EPA personnel for future use by tho contractor? (QA approval must be obtained before tho contr<Jctor can start work.) 

ll.t QA DOCUMENTATION OP1"XONS 

All documentation spec!MCI under "Other· must be aer,ne<l in the NHSRC Quality Management Plan and be consistent with requirements defined in ePA Manual 5360 Ai. For all items checked below, there must be adequate information in the sow (or its appendices) for the offeror to develop this document11tion, Where applicable, reference a specir1c section of the SOW. (R·2 refers to EPA Bequfn:mgats (or Ou~lit'f Nanm;zcrmmt etaos CQdtB.-4:.) (EPA/240/8•01./002, 03/:J0/01) and R-S rvfers to El'..A.&lft.!liaJinft!ltS fer Qvilli£L11~1l(;f.t.~t~~/.ll::51 (EPI'I/J<IOIB·OJ./003, 03120/01 ). Caples of these documents arc available at l)t,tp:,lfw'«w •. ~H!1·Cf.I.Yf1Jtii!Z~tYI?:i!L4o"td1t..~'J){,) 

A~r Awllrd Documentation 

R2 

R~ and RS 

RS 

Not APPlicable 

IV SIGNATURE BLOCK 

Documentation of an organization's Quality System. QMP developed In accordance with: 

Combmed documentation of an organization's Quality System and application of QA and QC to the single project covered by the contract: Developed in accordance with: 

Documentation of the application of QA and QC activities to applicable project(s). Oevcfopt:<J In acc:onlanc~ with: 

Prograrnrn<~tic QA Project Plan with supplements for each spedfic proJect, developed in accordance with: 

Existing documentaticm of the application of QA and QC activities will be used: 

The signatures below verify that the Statement of Work (SOW) has been reviewed to ascerta~n the necessary QA and QC nc.tivities required to comply with EPA Order 5360.1 A;J, that too COR undP.rstands these requiren'lfil'nts, and that the COR wiiJ ensure that the quality requirements indicated on the previous page~ of this form are incorporated into all associated SOWs. (Sign/date below, obtain a concurrence signature from the QA Staff, and submit the form along with the tiler tramural action documentation.) 

Joe Wood 
NHSRC·OCMD Techys:o'( Lead Person 

06/22/2010 
Date 

Eletha Roberts 
NHSRC·DCMO QA Staff Member 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from Appendix B of the NHSRC OMP) 

06/22/2010 
Date 

An applied reseurch proj1:Cf 1$ a study 10 demonstrate the J)llrformanoo of teellnologies under defined condJtJoos. 'These ~tlU<lles are ellen pilOt· or ftefd.sc:ale. The ronowing ~irem~nts should be 11ddressee es eppr>eable. 
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SSCTION 0.0, APPROVAL tlV PROJECT PARTICIPANTS 

T~ EPA Technical Lead Pet'$on {TLP) shan be resporl'Sible ror obtaining sfgn&tuf9s of appropriato project partlcl~nlf> on~ signature 
l)ll9e olthe OA (Mn, documenting agreem&ni tu project objectiv;,» ;,nd the llpprouch tor evafuatlng thll'Se obJectives. 

A distflbulion Hst shnll be provided 10 la<:illtate I~ diStribution olthe most recent current vel'$ion ol the QAPP to aH ti'la principal project 
participat'IIS. 

SECTION tO, PROJECT DESCRIPTION AND OBJECTIVES 

u 

1 2 

1 3 

'The I)Urpose of study shall oo cll!nrly Rtnlf>Ci 

The process, '>~e. facility, and/or environmental system to be tested shall bo de$criboo. 

P•ojccl objectives shaH be clearly stated and identified as primary or non·primary. 

SECTION 2,0, PROJECT ORGANIZATION 

2.1 Key polm!> or comact lor eacn orgonlz:auoo lOvo!V¢<1 in the project sMU oo idunUheo, 

::1,2 All OA Mai'IQga"' nnd thalt ~llonship io tha organiz:~tiaru: (1:c., ioo';,llon within ®ell org:onlzawn) Ghofl be i<Jcntifocd with 
evtdence that the OA Manager is indapood&nt of project managem&nt. 

Z.3 Responslbllttl6 of all o\her project paniclpant~ end their rei<Jtionship to o\her projee1 participants &hall be identified. meaning the 
organizations msponslble for planning, coordination, samp!D collection, sample custody, measurements (i.e,, anatyticllt, phy!lical, end process) 
oota toout;tion, tJutu validulion, und report preparatlon shall be clearly identlfoed. 

SECTION 3,0, EXPERIMENTAL APPROACH 

3.1 The general appro.acll and the test conditions for each Cl<Jll'rirnemal phase sha~ be provided, The $1atistien1 methodsthal will b 
ulled to evaluate the data (il!'., ANOVA. or summ<1ry statistiCs) should be ldentifiC\l, 

(NOTE: As, dMmllll <lppmpril\t'IIO lht• pmjoc! by tho TLP. tha informutk>n tl!<liJ(flltod ifl S«:tlon$ 3.:2, 3.J, and 3.4 may be pf$t;OntOd hero or In 
SectiOn~; the Information requested in Sections 3,5 may be presented here or in Seclion 5: and IJ\e lnrormallon requested In Sections 3.6 may 
be presented he:re or In Section 7.) 

3.2 The samp~ng strategy shall be included and evidence m\15t be presenled to damonstrale that the slmtegy is appropriate for 
mu~;bng primal}' project objt<ctivet~, it1,, u tlt:~>crivliun ul tl•"' !>tul!tHlcat method or sclent!rtc rllt!Onale usoom select !lampfe $Jies ano number or 
samples shan be provided. 

3.3 Sampling/monitoring points for all measurements (ie,, includif19 locatloM ond access points) shall oo ldentlfloo. 

3.4 The frequency or sampling/monitoring events. as well as the numbet'$lor each sample typo and/or location shall be provided, 
including QC and reserve samples. 

3.5 AK measurements (f. e .. unalytlcal [chemical, rnicroblologlc;J~. assays], physical, and proc~} Shall be identified for ~tach sample 
type (I( pto<".e~tll, nnrl project·SClf!dfk: raroet analytes j;haJI be ll911l!d and cla$sifll!d ag critlcal or nonetllicalln !hu QAPP. 

3,6 Tho p!atlnod approach (statistical and/or I)Q()·SLalistic.al) for evalualit19 pmject obj!i!CtiVcs shaU be Included, 

SeCTION 4.0, SAMPUNG PROCEDURE;$ 

4,1 

4,2 

43 

WheneW~f appli<:able. the method used to establish sleady·slate condaions shall be described. 

Known srte_:spocmc tuClor.sthat may affeet sampling/monitoring procedures shan be dll'Scribed. 

Any 3ile prttl)llflllio:>rl needed prier to acmplin9'monitoring shell be descdbed. 

4.4 each sampllnotmonitorino proceduro to be used shall be riiseo~5ed or r~l<w1nc~ If COMP<'lt:lling or splitting samplu, tho!l'e 
prvcedures shell be described. 

4.5 For samples reGwnng a split sample lor either QAIQC pllfposes (I( for shipment to a diffcrrmtlabomtory, the OAPP shaft ldenti~ 
who is reosponslble lor splitting samples, and whernthe spliltlttg Is petfonned (c,g,, field veN!us lab). 

4.6 H sampllngJmoMoling equipment i'S w;ed to coiled critical mensurement data (i.e,, used to calculate the f~t~al concentration of a 
critical parameter). the QAPP shall descrioo how the sompGno eQuipment kl calibroted, lho frequency nt which~'" calibrated, lind the 
accept<ln<:c criteria for calibration orcallbfatiOn veriti<:atlon, as oppropriate. 

4.1 11 sumpUnglmon~omg equipment is used to coU&d critical measurement dma. Lhfl QAPP slu!ll describe how cross-eontamlnatlo 
ootwtum samples is avoided, 

4.8 
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4,11 DtrJCI!be hvw :wmp~ uro: vniqv.,ry iOt:ntllhtd. 

4.1:? Sample presetVlllion mothods (e.s;~., refrioerahon, acidification, q(c.). ir>cluding speeifl¢ rel!gents, l!t\Uiprnent, >trid ~oppfie!l 
required for samplo preservaUon shall be delicribed. 

4.13 Holding time reqvirements shall be noted. 

4.14 Pcocedun::; lur v<>t:kiny di1U ~hippill!l sumpltl~ ~l>dh btt d~cri!JW. 

d. 15 P~urH to maintalrl chain_ of_ custody {#.(I .. custody seal'S, records) during trans for from tho flold to tko tnt-oratory, in lh& 
taooretory. and among conlrocton; and sull<:ontroctors shall be described to enaura that sample intogrity is malmalnlld. 

4.16 Sample archival requiremel'lls for oach relevant Ol'l)nnizntlon shall be provided. 

SECTION 5.0, TESTING AND MI!ASURE:MENT PROTOCOLS 

5.1 each measurementiTI{)thod to be Ulled shall oo described in deta•l or referenced. Mtx:M~Calioos. to EPA_ approved or stmillilrty 
vali<Soted methods shall t>e specified. 

$,2 For unprovco molhOO~. vorillcation doltlnppllcoblo 10 expected rnotrlws sholl b<! include<l in thet QAF'f> msoning tho QAI'I" t>ho 
provido evidence lhal the proposed rmtthod Is capable of achle'iing the desired perlormance. 

5.3 For measurements whiCh require a calibrated system, the OAPP $hall include s~clfle coUbration procedures applicable to eact
project targc1 analy\e, and the procedures for verifying both Initial and continuing calibrations (lnd!Jding frequency and acceptance eriteria, orul 
coi111CtiVe actions to be pertormeo if acceptance cntena are not roet). 

SECTION G.O, QNQC CHECKS 

6.1 At a minimum, the QAPP sh&U Include quantitative acceptance crrterill for OA objectiVes associated with accuracy, precir>ion. 
dcun:ti\m limitli. uno complehmess lor criticalmeasummenl$ {process. physical, anclunatytical, as applicable) for eech matriX. 

6.:2 Any add~ional proj.x:t-sp&cifie QA objtK.1ives ~>hull be pte~ontod, including accopfamro crituri(). This inctudoG itomc such a& mat 
balance requirement:s. 

6.3 The spedr~e pro<:e<tums used lo assess all identified OA objectives shall be fully describlld. 

()A The QAPP shiln 11s1 ana oofine all other ac chm:ks ana/or proce<~ures (e.g., orar,~s. surrogates. controlS. ere.) us(!(l for tM 
project, both field and l<lboratory. 

6.5 f!or each specified QC check or procedure, required frequencies, as>ociated acceptance criteria, and C'Oirectivu uction~ to be 
performed il acceptance criteria atu nol mel skull be lnclOOed. 

SECTION 7.0. DATA REPORTING, DATA REDUCTION, AND DATA VALIDATION 

7.1 The reporting requtremen1s (e.u .. unrts, reporttng method (wet or dry)) lor each measurement ana matrix llhall be Identified. 

7.2 The ~liVerables expe<:ted from each organization responsiblll! for field and labontQty Detivitl&s shall be Hstod. 

7.3 Dote reduction procedure:~ ~pecmc to tM proiect. on<l ol~o $J)eCitlc 10 each organiz:at!Oo, llholl be :!lummarizeu. 

7.4 Data validation procedures specifiC to each organization used to en.'lunt ttm reporting of 1\Cetlmtn proje<:t dllta to intern:~ I <~nrl 
extermtl dlonts shaU be summari.i:cd. 

7.5 O&Ul storage requirements for each organization shall be provi<led. 

7. 6 The product document that wUI be prepared lor the proje<:t 11~H be :spo:~:ifi<ed (e.g .• joumulurtlcle, final report, etc.). The co nt<1nt· 
oJ this document can oo refnreoced to a NHSRC or program·speciftc QMP, if appropriate. 

SECTION 8.0. ASSESSMENTS 
8.1 The ClAPP f>hllli identity .,u s<:tt<Xlule<i avd~s (i.fil., both te<:Micat system audits [TSAs)I!Hd pt!tiOrrtlilt!Cil evaluation{> fPE~]) to t:l< 
perlonned, whO will perform those uudits. and who will rocttiVe tho audi1 reportS. 

8.2 

8.3 

The QAPP sholl provide pr~un~lltllal are to oo followed th<~l will ensure thot necessary corrective action!l will be performed. 

The responsible party(·les) for implementing correc!Ne actions shaD bo Identified. 

SE'iCTION 9.0, Rll.f'eRENCES 

Rote~nccs shall~ provided either In !he body ot the text as footnote$ or in a separate &ectlon. 
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SECTION 9.0. REFeRENCES 

References shall be provided ellher In tho l:>ody of the rext as footnotes or in a separate se<.:tion. 

Attachment# 2 

NHSRC QA 
To the Statement of Work 

Roqulrements/Definltions List 
EPA& Quality Syttllm Website: http:llwww.rma.gQvtguali!X 
l!f"A'~t I'Wqulrvmomll:lan4 Quld.llnw Ooc:omvnta: http:llwww."!l•·!lovlyvali!X:Y« Sl9£~·l.!.IW.! 
EPA's Quality Systom Wobsito: hl!u:/~,•m:J.q2VIq\lpli!XI9lH!Qr;prS·finlli.Q'f!! 

· In accordance With EPA Order 5300.1 14:2, conrom1anc& to ANSitASQC E4 must be demonstrated by submiffing the quality documentation 
de$<:ribed htteln. Ab QIJaHIY documentation &haU be 11ubmilted to the Oovemment for review. The Government will review afid retum the 
quality dooument&tlon, With comments. end Indicate approval or disapproval. It the quality documentation I$ not approved. it must be revised 
toaddnns all crJtllmenti and 'hall be res11bmittlld to the Government roc approval. Work invo!VIfl9 envil'onmentill data Wl~ion, generation, 
u~. oc naporting shaU not commence unt!lll\e Government hu approve the quaflty documentation. The Quality AMuranoe Project Plan 
(<lAPP) sll311 be submitted lo the Government at leaslll\ilty (30) days prior to ll\e beginnillg of any envitOnmental data gathering or 
genvralio,n ac:Uvity in order to allow autricieot lime for review anc1 revi~ons to be c.ompletad. Af\ar the Government hu approved tlla quality 
dceumentatlon. the Conttador shllU also Implement it as written and approved by tho Covernment 

NHSRC't Qyalltv Sntf!m SpgeificatloJU! f<>r E!!tmmuml Aclions-

These raqulromantlJ typically punaln to slnglo pr<)jeet effol't$. Tho five apodflcatlons are: 

l'l a dtacnpUon of thO Of98MW!tlon't Quelity System (QSJ and tnronnatJon rugardlng ttow thia QS iS documented, 
c:oromunleated and lmplomantod; 

(2) .tin organiulion.al chan llhowing tn. PO\tltlon or tho QA func.Uon, 
(3) deline:atJon of the authority and reoponslbllltles of tho QA function: 
(4) tlw backgrotJnd and axpttrlonco of lho QA J>(>n:onmol who will be aa ... ignl>d to tn. proje<:t; and 
(5) tlw organlziitlon's genetal ;~pproaeh lor aeeomplishinglho QA spoelfl~tlons in 11'141 SOW. 

NHSRC ~Roguiremonts/Oefinitlons List 
Category Level Designations (determines the level of QA required): 

D 
D 
D 
0 

CatOQ'ory I PrQjoet • applicable lo aludies porf<>m~Od 10 oenorato data used lor &nforeoment aettvities. lillgati<m. or roaearcl! prcjed 
invoMno human subjects. ihe QAPP shaU address all elements liste<lln "EPA Raquire~nts for QA Ptojoct Plane, EPA QNR-11. 
Catl'gory II ProJect· applic:.:able to tiU<Iioa perfoi1Tiod to Q'tnttate -datil u~Od tn support of tt-. <levelopm.~nl ot anvif'OIIrMIItAI 
ntolllatlons or ~tandards. ihe OAPP shell address au elements listed in ·EPA Requirements for OA Project Plans. EPA ONR-5. 
Cotogory Ill ProjoCit · oppU"blo to ptojoota Involving opplicd ro~urch Of toc:hnotogy evoluotiono. Tho OAPP llhOU lld<froP lhe 
apphcabl& ~ion$ of "EPA Requitoments for QA Project Plans. EPA QA/R-5 .as outlined in the NJ.ISRC'a OMP: OAPP 
requirllml!nl$ for the s.peclfir. projact typo (I'IM b.elov.i). 

Category IV Pro}oct. applicable to projec.1J involVing baste. moarctt or prQiiminary data gat~W~rlng adiVitioa. Tho OAPP snan 
aadltiS$ tho opplic4ble noctlona oi'EPA Roq<~lrcmcnta for QA Project Plans. EPA OAIR·S :u1 outrinodit1 tho NHSRC's OMP 
QAPP requirements for the specific pro)ect type (see below). 

Project Types: 
Ht0$0 outJino~J of NHSRC's QAPP Roquiltlmonts tor vartow projoet tyPfi, from App&ndlx B of tho NH.SRC QMP (axcept whore 
otherwlllo noted), an: condoll3Ud (rom typically applicublu :sectlon::t oC R·O (ePA ttoqulrvmonllS for QA Projut:e PIUill!) <md aru 
inll:mdod to aorvo as a startlng point when prcp.orlng a QA.PP. These lil!ta and their fo1mot may not fit every- ras.earcl! $C(t118rio end 
QAP?'s mlllil oonform 1o appliMblo s.oe1lone. of R-6 In a w:;,.y that tuny dcccribo4 tllo tOflo::ltell f)ll.lo ond aipj)ropri#to OA ond QC mooaUtOII to 
oMurlllhat the data aro of adequote qualify lind quantity to flt ll\elt lfltend&d purpose. 

0 
0 

Apptlcxt RO$&OJ'ch ProJo<rt. ptl1!.alna to a atudy performed to goneralt:t da.ta to demonstratu the perlormanc& of a~ed 
pro<:eUft or toc:hnologln untlef defined conditions. Til~ $ludle$ oro onon p;lot· Of r.eld-scalll. The ClAPP sllaH addreN all 
requframellt& listlld fn•OAPP Roqulromontslor Applied 1-le~J.C~oreh Ptoj&ets• from Apptndix Sol t/lo NHSRC QMP. 
81i!llc Roao:uch Projot;l· pertaltls 10 a tiUdY perlorm&d to 1}8Mtato data u$ed to evtluate uoprove~~ ~. pr~. or 
tochnologln Thi!JO ahJdles are often oonch·S®Io. The QAPP shall adorns all requirement$ lilted in 'OAPP Requifemcnts for 
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0 
0 
0 
0 
0 

0 

l1tiP.:i~~...I!J?.l!,.!l?:!~<i!l.liJ:t!9.~~~..!ill:l!t'.~!:J~.~Jl!lt· For add~looa! information, you may rt~fer to Part C of 'Speclf'~Catioosand Guideli118$ for Quality :Syst&rm for Environmental Data Collection and Environmental Technology,· ANSIIASOC E4-1994, America! 
Society tor Quality Control, Milwaukee. WI. January 1995 

Geospatlal Dlilta Quality Assurance Projoct ·pertains to data coll~Ktion: dafa procetsing al'ld analysi$; and data validation of 
~pallal appli<:at!ons. ihe QAPP sholl address requll'llments In the EPA Ouaijty System document ·oulden«~ for Geospalial 
Ouhl Oudlity As:s~ttatiCu Project Plans" O·SS at htlp ftNWW_I,!P.~ Q.OVIgualltvl0$..::9<J.'<!!{ll~S.:f.i!!!!BI:~,J1.?.'. 
Method Development Pl'ojoct ·pertains to situatlotllS where there is no ctld$ting stanchud methOd, or a standard methO<I needs to M significantly mo<Sifll!<l for a Jp&olf'oe application. The QAPP 'hall address alt ~ulrement$ li$ted iff •QAPp Requirements lor 
Method Oeveloprnent Proj9cts•trom Appendix 8 of the NHSRC QMP. 
Model Oovolopment ProJect· ineludes all types of mathematical m0<1els lneluding $latic, dynamic, delerminiStlc. stochastic. 
mechanistic. empltieal. etc. The QAPP shaH address requiremontt in tho EPA Qua lily System doCIIment ·GuK:Ianc:e tor Quality 
A$SIII'llll¢& PIOjaet PI30S for Modeling' Q.~M 01 tim;Jl~..:Lru'l.il.ll.Sl.¥!!l.YJ1~;ytg_~,H:lQ.CS/g5n).:l,:t'.~..2!l.L 
Sampling and Analysis Projoct • pertaiM txl the oodectlon end analy1iis of samples with no objectives other than to ptovide 
charactertla!ion or monitoring ift!ormation, The QAPP shall address •" reqo.rements ~ste:<f in 'OAPP Requirement$ for S•mpllng 
and Analysis Projects" from Appoodix B of the NHSRC QMP. 
Secondary Oabl Projatt ·pertains to envifonmenlal data cotll!cted from other sources, by or for EPA, th.tt al'll used ror purposes 
other than thr;~se otigon;~tty intended. Sources may Include: Uterature. inoU&tly surveys. compilations ffonn computerlled databases and inlcxmallon S)'$lems, al'ld computerized or mathematical moctel$ ol environmental processes. The QAPP shall address all 
requirements listed in •QAPP Requirements for Secondary 0<1ta Pro)et.:ts" from App.endix 6 of the NHSRC QMP. 
Software ~volopmer\t and Data Managemont Ptoject • pertains to soflwllre development. software/hardware 
sy$tem$ development, databa~ de11lgn and mllintelll.'lnCA!, data validation and verill<llltioo &y$lems. The OAPP shall address all 
requirements ll$te<111'1 'QAPP Requirements tor Software Development Projects· trom AI) pend~ a or the NHSRG QMP 

Definitions: 

EnvironmentAl Oat:~ . TM~I! otrl'! ~ny me<M~rement or information that deso:l'Jbo envit<lnmental ptocenn, location, or coh<lilions; oeological 
or heal!h effect~ diroctly from measuremen\S.produced from software and m0<1111s . .and compiled from othor sources sue~ as data bases or 
the l~erature. For EPA. environmental data Include Information collected dlr~ty ftom measutementi. pi'Odueed from software and m0<1els. and compiled from other sources such as data b.ue~ or literature 

fncromental Funding· lntUemenlel funding Is pMial funding. no new work, 

OU.llllty Assur.anc:e (OA). OuaUty u.,urance 111 a &>"!l<lm of nmnliQf!ment adlliities to <l'nsure I hat 11 process. ilem, or u~~tio& is of 1he type 
and quality needod by the customer. I! d~als with $etting policy and running an •dministratlve S)'1tem of manag4ment controls that cover 
pJ;annin9. implementatiOn. and review of data collec110n activities and the u$e of data in decision making. QuaNty li$SUrl!nce i$ just one pj~rt ol 
a quality $y$tent 

Quality Aasuranet Project Plan (QAPP) ·A. QAPP is a doeument that dO$Cnbu tho l'tOCA!SSat)l quality nauranr::e. quaUty control, and other 
tP.<"J\nr.-..,1 ar.tivitU.,. that mu•t ba imflk>m&n!Oid I¢ ll!nsure thai lhlll te•vlh of tiN> wcrl< p.rfcxmod will tati•ly lhll stated pqrformanc:e cnteri:;l A 
OAPP de<:utru!nb p~d·specllic infotmaUon. 

Quality Control (QC) ·Quality COfltro1 ia a tec:hrucal function that ineludes alllh!! :scientifle precaullons. such u c:ahl>ratlons and dup«c:auons, 
which r.t~ neediKI h.l -.;quite data of knowrl ami ad&quab! quahty. 

Quality ManaQtmont Plan (QMP). A QMP IJ o document that dtsetibeaan organi.taliOI'I'$/program's <tuolity sr-lem in terms of the 
organizational atfucture, policy and procedures, run<:tlonal tMJ>Onsibilitles or managemont and stall, lln&l of autnQtity, and requited interfaces for those plalll'ling, implementing, doQJrnenling. and aasenlnoaR attMtles tonducted. A OMP do<:urnenlsthfl owtell organi:taliM/progl'l!ITI. 
at~d it pnmarlt:f appROllble to muftl.yoar. mu"I·Ptoitd efforu. A.n organitatioo'slprogram's QMP 'hull addi'G$$ all eiOITI(Jntulillted In tho 
"R~<quitemenls for Qu;;lily Mllf\ll9tltnlffil Planll· Itt Appeoa!~ 8 or the NHSRC OMP 

Quality SY$tom • A qlllllity ~y,tem is the means by which an organiZation manages itl quality aspects in a tY'lematic. organi:ed manner and 
provides a framewo/1< lor planning. implamenting, and assessing~~ perlormed by an organi.zation and for carrying out required qual~ 
assumnco 3/ld Quality control a<:tivrtJes, 
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Substantivt~ Change • Substantiv• change is any change m an activity that may alter the quality of <lata being uHd, generated, cr gathered. 

T'ecnnleal Lood Person (TLP) • Thi& per3on 13 tochnlc::ally respon&lt>le for the project For extramural GQntract wot1<, tfle TLP is rypfclllly the 
contracting offiCerS r~presentalive (COR). For inlr<tmvral work, tho TlP i$ typically the Principal Investigator. 

Abbreviations: 
COR Con~ing Officers Representative 

NHSRC National Homaland Se¢11flty Research Center 

lAG 
QA 

Interagency Agreement 

Quality Assuraf'ICA!I 
NRMRL National Risk Manaoem«!11t Research Laboratory OAM 

QA 10 Quality Asiurance lden~fication QMP 
Oualily Assurance M»nager 

Ou~!,ty Management Plan 
QAPP 

QS 

Quality Assurance Projtc:t Plan 

Quality System 

lLP T&chnical Lead Person 

Altachmant #2 to lh& Sta~ment of Work 
Revision 1, March 2006 
NHSRC 06102 
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CRADA Cooperative .Research & OevufQPment Agreement 



United States Environmental Protection Agency 
Woril Assignment Number 

Washington, DC 20460 WA 1-3 
Ill. EPA w Work Assignment 0 Othor 0 Amendment Number: 

' . 

Contrad Number I Contract Period Sep. 1,2010·Aug.31,2011 Title of Work AssignmenUSF Site Name 

EP-C-10·001 Option Period Number .• I PERFORMANCE EVALUATION OFT 

Contractor ,. Spec;ify Section and Paragraph of Contras:t SOW 
Battelle Memorial Institute Section 3.1 

PYrpose: 0 Work Asalgnment D Work Asslgnment Close-Out Period of Performance 

0 Work Assignment Amendment 0 lncremenlal Funding 

I&J Work Plan Appmval From 10/01/10 To 08/31/11 

Comments: WA title "PERFORMANCE EVALUATION OF THE MODIFIED SURFACE DECONTAMINATION FOAMO FOR REMOVAL OF 
RADIOLOGICAL CONTAMINATION FROM URBAN MATERIALS" 

Option 2 has been selected by the COR. 

D Superfund Accounting and Appropriations Data D Non·Superfund 

SFO § Nota: To rapo" additional accounting and appropriations date use EPA Form 1900·69A. 

(Ma• ~) 22 

~ OCN eudgai/FY Appropriallcm Budget Org/Code Program Element Object Clasa Amounl (Dollars) (Cents) Site/Project Co•t Org/Code 
::l (Msx6) (Max4) Code(Max6) (Max7) (Max&) (Max4) (Max8) (Max.'T) 

1 

2 

3 

4 

5 

Authorized Work Assignment Ceiling 

Centrad Pertod: CostiFee: if l''f (, 
1 

/ ¥ 'f LOE: 
Sept. 1, 201Q..Aug. 31,2011 f I:;."? 

This Adion: 

Total: 

Work Plan I Cost Estimate Approvals 

Contraelor WP Oatod: 09/22110 CO$VFee: $186,184.00 LOE: 1128 LOE 

Cumulative Approved: Cost/Fee: LOE: 

Work As$lgnment Manager Name John Drake Branch/Mall Code: OCMO/NG240 

c::t ~ A ~ ~~nn 'C:\Y"~Q ~O/OLV~o Phone Number: (513)_569·7164 

-, (Siqneture} (Dete) FAX Number. (513) 487-2555 

Project Offl~ame Shan~\~rre Branch/Mail Code: DCMD/E343..<J6 

~ 0--"' Q lQLQ~L lO Phone Number: (919) 541·3817 

{ ) IS/anatureJ A tOateJ FAX Number: (919) 541-0496 

Other Agency Offit.ame Shawn 'Rr-{n 

ttJfo/to 
Branch/Mail Code: DCMD/E343..()6 

Phone Number: (919) 541·0699 .... y'l,~ 
FAX Number: (919) 541-0496 ' (Signature)_ - roatel 

Contracting Off~el Namo Matthew Gnowney 

ul~ llo 
Branch/Mail Code: CPOD/NWO 

'M ./1?,...~1.. / (.\_ ~61- / Phone Number: (513) 487·2021:'1 

($i9nl!luraJ iJ IJ roateJ FAX Number: (513) 487·2107 

Work Assignment Form. (WebForms V'l.O) v 
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STATEMENT OF WORK 

PERFORMANCE EVALUATION OF THE MODIFIED SURFACE 
DECONTAMINATION FOAMTM FOR REMOVAL OF RADIOLOGICAL 
CONTAMINATION FROM URBAN MATERIALS 

Estimated Hours for this Requirement: 675 hours 

I. PERIOD OF PERFORMANCE 
The period of performance for this Work Assignment (W A) shall be from September 3, 2010 
through August 31, 20 11. 

II. PURPOSE 
This work shall provide an evaluation of the performance of the Modified Surface 
Decontamination Foam (SDF™) as applied to radiological decontamination of urban materials 
contaminated as would be the case following terrorist use of a radiological dispersion device 
(RDD). SDF is a product originally developed by Defense Research and Development Canada 
(DRDC) and marketed by Allen-Vanguard, Inc. for the purpose of chemical and biological 
decontamination and for blast suppression. In a recent research study led by Environment 
Canada (EC), Emergencies Science and Technology Section, SDF has been modified to enhance 
it's effectiveness for radiological decontamination. 

Based upon the similar evaluations accomplished under the EPA's Technology Testing and 
Evaluation Program (TTEP), which has developed the test methods, protocols, Quality 
Assurance Project Plans (QAPP), and facilities applicable to this Statement of Work, this 
modified foam shall be evaluated. It is anticipated that these previously developed products will 
be used or adapted to the greatest extent possible. The technology performance evaluation(s) 
detailed in this SOW shall result in (1) the determination of a "decontamination factor" (the 
amount of any remaining contamination following application of the SDF product, relative to the 
initial amount of contamination), and (2) an evaluation of specific parameters related to 
deployment of SDF in an operational setting. The threat agents of interest for this SOW are 
Cesium-13 7 and a combined radio nuclide consisting of Strontium-90 and Cobalt-60. The urban 
substrates upon which the SDF shall be tested are concrete, marble, anodized aluminum, and 
painted steel. The work shall include (1) conducting bench scale tests ofthe SDF product, and 
(2) analysis and a brief summary of the results of the tests. 

III. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting human 
health and the environment from accidental and intentional releases of radiological materials. 
The National Response Framework (NRF), Nuclear/Radiological Annex designates EPA as a 
supporting agency for the long term recovery phase of a response. The EPA Office of Research 
and Development (ORD) National Homeland Security Research Center's (NHSRC) 
Decontamination and Consequence Management Division (DCMD) is conducting technology 
evaluations for the decontamination of urban materials. The demonstrations and the evaluations 
or results are based on test conditions prescribed in a Quality Assurance Project Plan (QAPP) 
agreed upon between the contractor and the EPA Contracting Officer's Representative (COR). 
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The results of the demonstrations shall generate data that can be used to support decisions 
concerning the selection and use of decontamination technologies for urban materials 
contaminated with specific radiological threat agents. The results of the work will be made 
available to the homeland security community through published reports, journal papers, 
information systems and conference presentations/proceedings. The information may also be 
used in clean up guidance pertaining to specific threat agents and release scenarios. 

IV. TECHNICAL APPROACH 
The Contractor shall employ the as many of the methods and processes described in Test/QA 
Plan for The Performance of Selected Radiological Decontamination Processes on Urban 
Substrates, July 28, 2009, USEPA/NHSRC (Ref A) as possible, and shall demonstrate and 
quantify the performance of SDF applied under realistic conditions, to various substrates 
contaminated with specific radioactive materials. The Contractor shall evaluate the efficacy of 
SDF based on analysis of the decontamination factor (DF) achieved, and the time required to 
achieve that decontamination factor. The Contractor shall also qualitatively evaluate the 
difficulty of using SDF under realistic conditions, any resultant surface damage, and the quantity 
of waste generated. The combinations of specific radioactive materials and coupon materials to 
be tested are described below as Configurations A through H. 

The following parameters shall be incorporated into the test method/process for all test 
configurations. 

• The test fixture/array shall be "full scale" (9' x 9' wall) similar to that used in Ref A. 
• The coupon dimensions shall be similar those used in Ref A. 
• At least three contaminated coupons shall be used for each evaluation (defined as a set of 

coupons). 
• Coupon orientation during decontamination technology testing shall be vertical. 
• The contaminant shall be applied using the methods developed under Ref A. 
• Contaminant concentration shall be proposed by the Contractor and approved by EPA. 
• After deposition of the contaminant, the coupons shall be aged for 48 hrs prior to testing. 
• Relative humidity and temperature during deposition and subsequent aging shall be 

maintained constant and documented similar to Ref A. 
• The method used for applying SDF shall be as prescribed by Allen-Vanguard, Inc, which 

includes initial spray foam application, JO-minute "set time", followed by vacuuming, 
followed by water rinse, followed by secondary vacuuming. These steps are then 
repeated, constituting one complete decontamination process. 

The cost to perform the following test configurations shall be priced out and provided to the 
COR as part of the Work Plan. Not all configurations will be performed as part of this work 
assignment. The configuration(s) that will be carried out will be selected by the COR and 
documented in writing to the Battelle Work Assignment Lead and the PO. 

Test Configuration A: Cesium on concrete 
Test is same as Ref A, using Cs-137 on concrete coupons provided by Contractor. 
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Test Configuration B: Cesium on marble 
Same as Configuration A, but with coupons to be supplied by EC. 

Test Configuration C: Cesium on anodized aluminum 
Same as Configuration A, coupons to be supplied by EC. 

Test Configuration D: Cesium on painted steel 
Same as Configuration A, coupons to be supplied by EC. Paint is Tremclad® rust paint. 

Test Configuration E: Mixed radionuclide on concrete 
Same as Configuration A, except that the contaminant shall be made up of a mix of strontium 
and cobalt per formula to be specified by EC. Contractor shall provide the mixed radionuclide 
and the concrete coupons. 

Test Configuration F: Mixed radionuclide on marble 
Same as Configuration E, but with marble coupons to be supplied by EC. 

Test Configuration G: Mixed radionuclide on anodized aluminum 
Same as Configuration E, but with anodized aluminum coupons to be supplied by EC. 

Test Configuration H: Mixed radionuclide on painted steel 
Same as Configuration E, but with painted steel coupons to be supplied by EC. Paint is 
Tremclad® rust paint. 

The Contractor shall use the method developed in Ref A to characterize the coupons, both before 
and after deposition ofthe contaminant, and after application ofSDF. 

Control samples shall also be run, using deionized water as a decontaminant, to determine 
baseline data for comparison. Positive controls shall be used to determine the decontamination 
factors achieved. As part of Task 1 below, the Contractor shall provide a matrix which describes 
the quantity and purpose of all coupons required to execute the test (e.g. test coupons, positive 
controls, blanks, deionized water blanks, etc). 

V. TASKS 
The work that shall be performed is broken down into three separate tasks. Tasks 1 and 3 are to 
be funded by NHSRC extramural funds. Task 2 is to be funded by funds from Environment 
Canada. Task 1 is the preparation and approval of the QAPP. The QAPP performs the function 
of the test/quality assurance plan (test/QA plan) referred to in the TTEP contract. Task 2 shall 
execute the evaluation as described in the QAPP. Task 3 includes analysis of data generated in 
Task 2 and preparation of a summary report documenting the results of the data analysis and 
experimental work completed in Task 2, including a description of the test conditions and all 
data. 
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TASK 1: PREPARATION AND APPROVAL OF THE QUALITY ASSURANCE PROJECT 

PLAN(QAPP) 

The Contractor shall prepare a QAPP in accordance with 
http://www.epa.gov/quality/qs-docs/r5-final.pdfbased on the type of research that is 
being conducted and shall be based on a modification of the plan developed under 
Ref A. The contractor shall comply with all requirements as delineated on the 
"Quality Assurance Planning Requirements Form (QARF)" included with this 
contract package (see Attachment #1 to the SOW) and the NHSRC QA requirement 
as defined in Attachment #2 to the SOW. For guidance on preparing a research
specific QAPP, the preparer should refer to the project specific requirements provided 
in NHSRC's QMP. The draft QAPP will be reviewed by the EPA COR and the EPA 
Quality Assurance Manager. The contractor shall respond to comments and submit 
the QAPP for final approval to the EPA COR and EPA Quality Assurance Manager. 
The QAPP, including any amendments, must be approved by the U.S. EPA in writing 
(e.g., signature on the approval page) prior to the start of any work. Additional 
information related to QA requirements can be found at: 
http://www. epa. gov I quality/ qs-docs/r5 -final. pdf. 

TASK 2: TECHNOLOGY TESTING - EXECUTION 

The Contractor shall follow the procedures described in the approved QAPP. 
This task shall execute all laboratory/field testing sufficient to produce the data 
required to determine the decontamination factors (DF) achieved by application of 
SDF to the coupons contaminated with radioactive materials. 

TASK 3: DATA ANALYSIS AND SUMMARY REPORT 
The Contractor shall perform data analysis to determine decontamination factors for 
all combinations of contaminant and substrate and provide a technical report which 
shall document the results of Task 2, including all data generated. 

VI. DELIVERABLE SCHEDULE 

Task ·1: Within 30 working days after award of this W A, a draft QAPP shall be provided to 
the COR, in electronic format. The QAPP shall contain the detailed experiment design and 
include a timetable for project completion (at an appropriate work breakdown structure 
level). 

The final QAPP shall be submitted to the COR for approval NL T 30 days following the 
receipt of the COR's comments for the draft plan. 

Task 2: Shall begin after the QAPP has been approved by the COR. 
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Task 3: A single draft technical report documenting the results of Tasks 2 and 3 shall be 
submitted to the COR no later than 2 months after completion of Task 2. The COR will 
review the draft report and provide comments to the contractor within 30 days of receipt. 
The final technical report will be accepted by the COR after all comments have been 
resolved. 

VII. REPORTING REQUIREMENTS 
• All products, e.g., QAPP, technical reports, generated under this WA shall be peer 

reviewed by at least one external (non-EPA) and at least one internal (EPA) reviewer. 
The COR will coordinate the peer review of the draft documents and submit 
comments to the Contractor for product revision and comment response. 

• All data shall be transferred to the COR in electronic format, in MS Excel 
worksheets, before the submission of the draft summary report. The worksheets shall 
be adequately commented to ensure that the data presented is clearly identifiable. 

• On a monthly basis for the duration of the project, the Contractor shall submit, in 
electronic format, status reports summarizing technical progress (including estimated 
percent of project completed), problems encountered, monthly and cumulative 
financial expenditures, and cost and schedule variance. 

• Transfer of project data shall occur at the conclusion of the testing. This data 
includes reports of the conditions (e.g., concentrations, temperature, relative 
humidity, etc.) and all measured variables (e.g., contamination levels). 

• All products developed under this SOW (e.g., the above mentioned technical report) 
shall conform to the requirements of EPA's Handbook for Preparing Office of 
Research and Development Reports (EPA/800/K-95/002). Substantive portions of 
this handbook can be found at www.epa.gov/nhsrc under the policy and guidance tab. 
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NHSRC QUAUTY ASSURANCE REQUIREMENTS FORM 
Attachment 1 to the Statement of Work 

I GENERAL INFORMATION 

Title: 

Description: 

ProJect XD: 

Status: 

Number Ammended: 

QA Category: 

Action Type: 

Peer Review Category; 

Performance Evalu~:~Uun of lha ModiOed Surface Decontamination Foam for Removal of 
Radiological Contamination from Urban Materials 

Performance Eva luatlon 

DCMD 3.44 

Original 

lii 

Extramural 

Security Classification: U nclassiflert 

Project Type: Applied Research 

QAPP Status 1: Not Delivered 

Vehicle Status: Existing Vehicle 

Vehicle Type: Vehicle Number: EP-C·lO·OOl 
Work Assignment Number: 1·3 

Delivery/Task Order Number: n/a 

Modification Number: n/a 

Other: 

If you are processing an IAG or CRADA, the responsibility for QA must be negotiated wlt/1/n the agreement. The 

TLPs in consultation with the QAMs In the various organizations must agree on, and document, which organization will 

take the lead for QA, the names of the QAM and TLP from each organization, and the QA requirements that will be 

adhered to during the aoreement. Include this Info In the IAGICRADA package. 

II SCOPE OF WORK 

Yes Does the Statement of Work contain the appropriate QA language? 

The awardee shall comply with all requirements as delineated on the "Quality Assurance Planning Requirements 

Form (QARF)" included with this extramural action. The contractor shall prepare a QAPP In accordance with the 
R-2 and R-5 and/or the attachments provided with the SOW. The QAPP must be approved prior to the start of 
any work. Addltlorwl information related to QA requirements can be found at 
http://www.epa.gov/quality/qs·docs/rS-final.pdf 

Yes Does this extramural action Involve the collection, generation, use, and/or reporting of environmental data; the 

design, construction, and operation of environmental tpchnnlngiM) nr r!P.vAin['lmAnt of software, models, or 
meth<>ds? 
(If "No" then skip to Section JV, and sign the form.) 

No Will the· SOW or any subsequent work assignments or task orriP.rs involvP. -'lny r.ross~organizational efforts 

within EPA? 

No Has a QAPP already been a~proved for the octivities specified In tho SOW? 
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NIA Is an applicable QAPP in the process of being prepared, revised, or approved by EPA personnel for future use 
by the contractor? (QA approval must be obtained befote the contractor can start work.) 

Ill QA DOCUMENTATION OPTIONS 

AU documentation specified under "other" must be defined In the NHSRC Quality Management Plan and be consistent 
with requirements defined in EPA Manual 5360 Al. For all items checked below, there must be adequate information in 
the SOW (or Its appendices) for the offeror to develop this documentation. Where applicable, reference a specific 
section or the SOW. (R·J rRfRrs to EPA Reauirements foe Qual/tv Management ptans (QAIR•Zl (FPA/240/8·01/00J, 
03!20/01) ana R-5 refers to EPA Requ~~ Assw:ance PrQ}ect Plans (QA/R-52 (EPA/24018·011003, 
03/20/01). Copies of these documents are available at lltll2illxi.WftY·eaa.aa.'dJ:IraUrdQ~.®t:JLh.tml. J 

After Award Documentation 

Not Applicable Documentation of an organization's Qualltv System. QMP developed In accordance with: 

Not Applicable 

Other 

n/a 

Not Applicable 

IV SIGNATURE BLOCK 

Combined documentation of an organization's Quality System and application of QA.and 
QC to the single project covered by the contract: Developed in accordance with: 

Documentation of the application of QA and QC activities to applicable project(s). 
Developed in accordance with: 

Explain: QA cior.umP.'ntiltion r.an he developed in accordance with R2 and RS or the 
developer can defer to attachment # 1 (QAPP requirements for APPLIED RESEARCH) and 
#2 (Quality System Specifications for Extramural Actions) 

Programmatic QA Project Plan with supplements for each specific project, developed in 
accordance with: 

Existing documentation of the application of QA and QC activities will be used: 

The signatures below verify that the Statement of Work (SOW) has been reviewed to ascertain the necessary QA and 
QC activities a·equired to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
COR will ensure that the quality requirements Indicated on the previous pages of this form are Incorporated Into all 
ossoclatcd SOWG. (Sign/date below, obtain a concurrence signature from the QA Staff, and submit the form along 
with the other extramural action documentation.) 

John Drake 
NHSRC-DCMD Technical Lead Person 

07/7.6/2010 
Date 

Ramona Sherman 
NHSRC·IO QA Staff Member 

07/'lo/70to 
Date 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PRO.JECTS 
(from Appendix B of the NHSRC QMP) 

An applied research project is a study to demonstrate the performance of technologies under defined conditions. These studies. ere often pilot
or field·scale. The following requirements should be addressed as applicable. 

SECTION 0.0, APPROVAL BY PROJECT PARTICIPANTS 

The EPA Technical Lead Person (TLP} shall be responsible for obtaining signatures of appropriate project panlclpants on the signature 
page of the OA plan, documentlng agreement to project objectives and the approach for evaluating these objectives. 
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A distribution list shall be provided to facilitate the distribution of the most recent current version of the OAPP to all the principal project 

participants. 

SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 

1.1 The purpose of study shall be clearly stated. 

1.2 The process, site, facility, and/or environmental system to be tested shall be described. 

1.3 Project objectives shell be clearly stated ond ldonliflod os primary or non·prlmory. 

SECTION 2.0, PROJeCT ORGANIZATION 

2.1 Key points of contact for each organizallon involved In the project shall be Identified. 

2.2 All QA Managers and their relationship In the organizations (i.e., location within each organization) shall be Identified With 

ovldonce lhotthe QA Manaoer is lnrlepnndent of project management. 

2.3 Responsibilities of au other project participants and their relationship to other project participants shall be Identified, meaning that 

organizations responsible for planning, coordination, sample collection, sample custody, measurements (le., analytical, physical, and process), 

data reduction, data validation, and report preparation shall be clearly Identified, 

SECTION 3.0, EXPERIMENTAL APPROACH 

3.1 The general approach artd the test conditions tor each experimental phase shall be provided. The statistlcal methods that Will be 

used to evaluate the data (f. e., ANOVA, or summary statistics) should be Identified. 

(NOTE: As deemed appropriate to the project by the TLP, the Information requested In Sections 3.2, 3.3, and 3.4 may be presented here or in 

Section 4; tho .Information requested In Sections 3.5 may be presented here or In Section 5; and the information ri'!11UAJ'l1Ariln Sec:tlons :tR may 

be presented here or In Section 7 .) 

3.2 The sampling strategy shall be included and evidence must be presented to demonstrate. that the strategy Is appropriate for 

meetrng primary project objectives, I.e., a description of the statistical method or scientific rationale used to select sampla sltes and number of 

samples shall be provided. 

3.3 Sampllnylmonllorlng pointll for all measurements (I.e., Including localion::l and oooo~s points) shall be lc!cnllfiocl. 

3.4 Tho frequency of sampling/monitoring events, as well as the numbers for each sampla lypt'! Anr!Tnr lor.Atlon !\hl'lll bA provlctnrl, 

including QC and reserve samples. 

3.5 All measurements (lc., analytical [chemical, microbiological, assays], physical, and process) shall be Identified for each sample 

type or process, and project-specific target analytes shall be listed and classified as critical or noncritical in the QAPP. 

3.6 The planned approach (statistical and/or non-statistical) for evaluating project objectives shalt be included. 

SECTION 4.0, SAMPLING PROCEDURES 

4.1 Whenever applicable, the method used to establish steady-state ~Ondltlons shall be descrlbed. 

4.2 Known site_speclfic factors that may affect ~amptlng/monitorlng procedures sholl bo doocrlbod • 

. ~ .3 Any site preparation neederl prior to Mmplinolmonltnrlng shall be described. 

4.4 Each sampling/monitoring procedure to be used shall be discussed or referenced. If compositlng or splitting samples, those 

procedures shall be described. 

4.5 f'or samples requiring a split sample ror either ONQC purposes or for 5hlpment to a dllfenmti<IIJorl;llury, the QAPP sllallltfentlfy 

who is responsible for split!lng samples, and where the splitting is perlormed (e.g., field versus lab). 

4.6 If sampling/monitoring equipment Is used to collect crltlcal measurement data (J.o., used to calculate the final concentration of a 

critical par:ameter). the OAPP sha II describe how the sampllng equipment is callbraled.the frequency et which ills calibrated, and the 

acceptance criteria for calibrallon or calibration verlflcaUon, as appropriate. 

4.7 If sampling/monitoring equipment is used to coll.ect critical measurement data, the QAPP shall describe hew cross·contamlnalion 

between samples is avoided. 

4.8 The QAPP shall include a discussion of the procedures to be used to assure that representative samples are collected. 

4.9 A list of sample quantities to be collected, and the sample amount required tor each analysis, Including QC sample analysis, shall 

be spocifled. 

4.10 Containers used for sample collection, transport, and storage for each sample type shall be described. 
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4.11 Describe how samples are uniquely Identified. 

4.12 Sample preservation methods (e.g.,Tefrigera1ion, acidification, etc.), Including specific reagents, equipment, and supplies 
required for sample preservation shall be described. 

4.13 Holding time requirements shall be noted. 

4.14 Procedures for packing and shipping samples shalt be described. 

4.15 Procedures to maintain chain_of_custody (e.g., custody seals, records) during transfer from the field to the laboratory, In the 
laboratory, and among contractors and subcontractors shall be described to ensure that sample integrity is maintained. 

4 .16 Sample archival requirements for each relevant organization shall be provided. 

SECTION 5.0, TESTING AND MEASUREMENT PROTOCOLS 

5.1 E11ch measurement method to be used shall be described in detail or referenced. Modifications to EPA_approved or similarly 
validated methods shall be specified. 

5.2 For unproven methods, verification data applicable to expected matrices shall be included In the OAPP meaning the QAPP shall 
provldQ ovldonco that the proposed method Is capable of achieving the desired performance. 

5.3 For measurements which require a calibrated system, the QAPP shalllnciude specific calibration pr~edt.tres applicable to each 
project target analyte, and lhe procedures for verifying both initial and continuing calibrations (including freq!)ency and acceptance cntelia, and 
corrective actions to be performed If acceptanoo criteria are not met). 

SECTION 6.0, QNQC CHECKS 

6.1 At a minimum, the QAPP shall include quantitative acceptance criteria for QA objectives associated with accu~cy, precision, 
detection limits, and completeness for crlllcal measurements (process, physical, and analytical, as applicable) for each matrix, 

6.2 Any addlllonal project-specitlc QA objectives shall be presenled, Including acceptance criteria. Thts Includes Items such as mass 
balance requirements. 

&.3 The specific procedures used t~ as.qMs all irlP.nllfiArl QA ohjenllvM shall be fully described .. 

6.4 The OAPP shall list and define all other QC checks and/or procedures (e.g., blanks, surrogates, controls, etc.) used for the 
project, both field and laboratory. 

6.5 For each spectfled QC check or procedure, required frequencies, associated acceptance criteria, and .corrective actions to be 
performed If acceptance criteria are not met shall be induded. 

SECTION 7.0, DATA REPORTING, DATA REDUCTION, AND DATA VALIDATION 

7.1 The reporting requirements (e.g., units, reporting method (wet or dry]) for each measurement and matrix shall be Identified. 

7.2 Tho delivcroblco expected from each organization responsible for field ond lob<lrotory octlvillco shell bo listed. 

7.3 Data reduction procedures specific to the project. and also specific to each oraanizallon, shall be summarized. 

7.4 Data validation procedures specific to each organization used to ensure the reporting of accurate project data to internal and 
external clients shall be summarized. 

7.5 Data storage requlrttrmmtl:llor each urgani;c.allon shall oo proviuuu. 

1.6 Tho product document that will bo pro pared for tho pro joel shell be specified (e>.g., journal article, flnel report, ole;.), Tho contonto 
of this document can be referenced to a NHSRC or program-specific OMP, If appropriate. 

SECTION 8.0, ASSESSMENTS 
8.1 TilES QAPP shell Identify all scheduled audits (I.e •• both techntcal sy.stem <Milts [TSAs] and performance evralualion!!l (PEs)) 10 bu 
performed, who will perform these audits, and who will receive lh e audit reports. 

8.2 The QAPP s~all provide procedures that are to be followed that will ensure that necessary correc:tlve actions will be performed. 

8.3 The responsible party(-les) for Implementing corrective actions shall be identifted. 

SECTlON 9.0, REFERENCES 

References shall be provided either ln the body of the text as footnotes or In a separate seciiOn. 

Attachment fl. 2 
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NHSRCQA 
To the .Statement of Work 

Requirements/Definitions List 

EPAs Quality System Website: http;(fwwW.epa,govlgyality 

SPA's Requirements and Guidance Documents: bHo:Uwww.eDB.govtaual!tylga doca.html 

EPA's Quality System Website: http;/{www.epa.gov/guallty/qs·docs/r5-flnai.Qdf 

In accordance with EPA Order 5360.1 A2, conformance to ANSIIASQC E4 must be demonstrated by submitting the quality documentation 

described herein. All Quality documentatlon shall be submitted to the Government for review. The Government will review and return the 

quality documentation, with comments, and Indicate approval or disapproval. If the qualtty.documentatlon Is not approved, It must be revlse1;1 

to address all comments and shall be resubmitted to the Government for approval. Work Involving environmental data collection, generation, 

use, or reporting 11hall not communce until tho Government has approve the quality documentat.lon. The Quality Mlsuranco Project Plan 

(OAPP) shall be submitted to the Government at least thirty (30) days prior to the beginning of ~ny environmental data gathering or 

generation activity in order to allow sufficient time for review and revisions to be .completed. After the Government h#l!l~tj'lpmvAd the quality 

documentation, the Contractor shall also Implement It as written and. approved by the Government. 

NHSBC's Qualltv System Spac!Ocatlons for Extramural Actions -

These requirements typically pertain to single project efforts. The five specifications are: 

(1) a description of the organlzauon•s Quality system (QS) and lnformauon regarding how this QS Is documented, 

communicated and Implemented; 
(2) an organizational chart showing the poalllon of the QA function; 
(3) delineation of the authority and responsibilities of the QA function; 
(4) U1e background and exper!onco of tho QA personnel who will bo assigned to the projeot; and 

(5) the organization's general approach for accomplishing the QA speclftcatlons in the S()W. 

NHSRC QA Requirements/Definitions List 
Category Level Designations (determines the level of QA required): 

D 

~ 
D 

Catugory I Project· applicable to studio~ performed to gonoroto data UGod for enforcement activities, litigation, or researoh project 

Involving human subjects. The QAPP shall address aU elements listed in ·ePA Requirements forQA Project Plans, .EPA QA/R-5. 

Caltlgory II Project· applicable to studies performed to generate data used In support of the development of environmental 

regulations or standards. The QAPP shall address an elements listed in "EPA Requlrement,s for OA Project Plans; EPA QAIR~5. 

Category Ill Project· applicable to projects involving applied research or technology evaluations. The clAPP shall aaaress the 

applicable sections of "EPA Requir~ments for QA Project Plans. EPA OAIR-5 as outlined In the NHSRC's QMP: QAPP 
requirements for the specific project type (see below). 

Category IV Project- applicable to projects involving basic research or preliminary data gathering activities. The QJI.PP shall 

address the applicable sections of "EPA Requirements for OA Project Plans, EPA aAJR~5 as outlined in. the NHSRC's aMP 
QAPP requirements for the specific project type (see below). 

Project Types: 
Thut>v outline.s of NHSRC's QAPP Raqulrornonts for various project typae, from Appendix B of the NHSRC QMP (except .where 

otherwise noted), are condensed from typ lcally applicable sections of R·5 (EPA Requlrernents for QA Prp)ect Plans) a.nd are 

lntondod to sorvo aa a atartlng point when preparing a QAPP. These lists and thalr format may not fll every research scEinatio and 

QAPP's mw>t conform to applicable sections of R·5 In a way that fully describes the research plan and appropriate QA and QC measures to 
ensure that the data are of adequate quallty and quantity to fit their Intended purpose. 

B 
0 
D 

Applied Research Project· pertains to a study performed to g~nerate data to demonstrate the performance of acceptec::t 

processes or technologlea under defined conditions. These studies are often pilot· orfleld·s<:ale. The OAPP shall adaress all 

requirements listed In "QAPPRequtrements for Applied Resear<:h Projects• from AppendiX e of the NHS.RC QMP. 

Basic Resear<:h Project· pertains to a study performed to generate data used to evaluate unproven theories, process·es, or 

technologies. These studies al'e often bench-scale. The QAPP shall address all raqulrements listed in "OAPP Requirements for 

Basic Research Projects• from Appendix B of the NHSRC QMP. 

Design, Construction, and/or Operation of Environmental Technology ProJect· pertains to environmental technology 

designed. constructed and/or operated by and/or for EPA. The QAPP shall addres'! requirements In the EPA auallty$ystem 

document "Guidance on Quailty Assurance for Environmental Technology Design. Construction, and Opt~ratl<!n" G-11, at 

http:flwww.eoa,gQV/guality/QS::docs/g11·fiiJII·9.§.ruiL For additional Information, you may refer to Part C of "Specifications am::l 
Guidelines for Quality Systems for Environmental Data Collection and Environmental Technology; ANSI/ASQC E4-1994, American 
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Society for Quality Control, Mltwaukee, WI, January 1995, 

Geospatlel Date Quality Aesumnco Project portolns to dolo collection: data processing and analyols; end dote validation of 
geospatial applications, The QAPP shall address requirements in the EPA Quality System document "Guidance for Geospatial 
Oata Quality AssurRnr.e Projer.t Plans" G-5S at hltp•l/www.epa.goy/guallly/OS:dnr&lg!ig-finai.Q5 ndf 

Method Development Project. pertains to situations where there is no existing standard method, or a standard method needs to 
be significantly modified for a opocific opplicotion, Tho OAPP shall address all roqulromonts lfstod in "QAPP Requirements for 
Method Development Projects' from Appendix B of the NHSRC QMP. 

Model Development Project. Includes all types of mathematical models Including stallc, dynamic, deterministic, stochastic, 
mechanistic, empirical, etc~ The qAPP shan addr!l&s requir!lments in the EPA Q(Jal!ty System (!ocument"Guldance for Quality 
Assurance Pr<>jeet Plans for Modeling" O·SM at ht!p;/lwww.opa.ggWqyaliMQS::doC!!la5m·flnat:pdf. 

Sampling and Analysis Project. pertains to the collection and analysis of samples with no objectives other than to provide 
cnaracterizatlon or monitoring Information. The QAPP shall address au requirements ll~ed In "OAPP Requirements (or sampling 
and Analysis Projects• from Appendix B of the NHSRC OMP. · 

Secondary Data Project- pertains to environmental data collected from other sources, by or for EPA, that are used for purposes 
other than those originally Intended. Sources may Include: literature, Industry surveys, compilations from computerized databases 
and Information systems, and computerized or mathematical models of environmental processe!l. The QAPP shall address an 
requirements listed in 'QAPP Requirements for Secondary Data Projects" from Appendix B c:if the NHSRC QMP. 

Software Development and Data Management Project· pertains to software development, software/hardware 
systems development, database design and maintenance, data validation and verification systems. The QAPP shall address all 
requirements listed In "QAPP Requirements for Software Development Projects• from Appendix B ofthe NHSRC QMP. 

Definitions: 

Environmental Data ·Those oro ony mooaurement or information that describe cnvironmontol processes, location, or oondltions; eoologic:ull 
or health effects directly from measurements, produced from software and models, and compiled from other sources such as data bases or 
the literature. For EPA, envlrnnment!tl data include information collected dimclly from measurements, produced from software .and model&, 
and compiled from other sources such as data bases or literature. 

Incremental Funding- Incremental funding Is partial fUndlng, no riew work. 

Quality Auurance (QA). Quality assuran~ .is a system of rnanagernent activities to e'"'ure lh.al a proceSl!, Item,. Qr service Is o~ the type 
and quality needed by the customer. It deals with setting policy and running an administrative system of man$gement controls. that cover· 
planning, implementation, and rovlow of doto collection activities and tho usc of dolo in decision m~klng, Quality assurance is just one port of 
a quality system. 

Quality Assurance Project Plan (QAPP) ·A QAPP is a document that describes the necessary quality assurance, quality control, and other 
technical activities lhat must be implemented to ensure that the results of the work perrormed will satisfy the staled performance .criteria. A 
OAPP documents project-specific Information. 

Quality Control (QC) .. Quality control Ia a technical functfon that includes all tho scientific precaution&, such as oalibrollono and dupliootiono, 
which are needed to acquire data of known and adequate quality. 

Quality Management Plan (QMP) ·A OMP is a document that describes an organlzatlon's/program's quality system In terms of the 
organizational structure, policy and procedures, fUnctional responsibilities of management and staff, lines of authority, and required Interfaces 
for those planning, implementing, documenting, and assessing all activities conducted. A QMP documents tile overall organlzatlcm/program, 
and IS primarily applicable tu rnulli•year, mutli-projec1 efforts. An organizatlon's/prtigram's QMP shall address all elemellts listed llllhu 
"Requirements for Quality Management Plans~ In Appendix 8 of the NHSRC QMP. 

Quality System • A quality system is the means by which an organiZation manages its quality ils~:~eets in a svstema.t!e. organlzec! manner and 
provides a framework for planning, Implementing, and assessing work performed by an organizatfon and for carrying out required quality 
assurance and quality control activities. 

R-2. EPA Requirements for Quality Management Plans (EPiV240/B-011002) March, 2001 bUp:{lwvffl.tpa,gov/qya!llyiQS:docslrz.flnal.pdf, 

R·5. EPA Requlromonta for Qunlity Management Plan& (EPA/240/B-01/002) March, 2001 http:lfwww,§!p~aliiY/OS·doqslr5-flna!.pdf. 
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Substontlve Change- Substantive chanoe Is any change in an activity that may alter the quality of data being used. generated, or gathered. 

Technical Lead Person (TLP) ·This person is technically responsible for the project. For extramural contract wo~. the TLP Is typically the 
contracting officer's representative (COR). For intramural work, the TLP is typically the Principal Investigator. 

Abbreviations: 
COR Contracting Officer'~:~ Representative 

NHSRC National Homeland Security Research Center 

NRMRL National Risk Management Research Laboratory 

QAID Quality Assurance ldentiflcaUon 

OAPP Quality Assurance Project Pian 

QS Quality System 

TLP Technical Lead Person 

Attachment #2 to the Statement of Work 
Revision 1. March 2006 
NHSRC06102 
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I. TITLE 

Enzymatic Decontamination of Chemical Warfare Agents 

II. PERIOD OF PERFORMANCE 

The period of performance for the contract shall be from September 01, 20 l 0 until August 31, 
2011. No costs shall occur against this work assignment prior to September 01, 2010. 

Ill. SUMMARY OF OBJECTIVES 

This work will provide efficacies of enzymatic decontamination methods for chemical agent 
decontamination. Currently NHSRC is systematically evaluating decontamination methods such 
as chlorine dioxide (CI02) fumigant and hydrogen peroxide (H202) fwnigant for the 
decontamination of various chemica] warfare agents (CW A) on building material coupons. The 
detrimental effect (e.g., corrosion) that these fumigants have on various surfaces types is well 
documented. Enzymatic decontamination on the other hand is considered to be far more benign. 
This work will determine the efficacy of this decontamination method as a function of the 
building material. This work assignment will cover the evaluation of the DEFENZ VX-G 
enzyme product as commercially available by Genencor for the decontamination of chemical 
agents thickened soman (TGD) and VX on multiple interior building materials. 

IV. RELEVANCE 

The eminent threat of a chemical agent release in a building o.r transportation hub is driving US 
EPA's National Homeland Security Research Center (NHSRC) Decontamination and 
Consequence Management Division (DCMD) to develop a research program that systematically 
evaluates potential decontaminants of chemical agents. US EPA is tasked to cleanup these 
agents after they are released which is complicated by the fact that it is unknown how effective 
many of the available decontamination technologies are against chemical agents. In addition, 
the optimal decontaminant concentration and con'tact time have primarily been determined by the 
vendors. It is known that some of these decontaminants produce, possible toxic, by-products 
when they react with the chemical agents. In this work, the efficacy of an enzymatic 
decontamination solution will be systematically evaluated against two agents and the by
products from these decontaminations will be assessed. The effect of the enzymatic 
decontarninants on the building materials will also be assessed qualitatively. 

V. BACKGROUND 

Protecting human health and the environment from the release of hazardous materials is the 
mission of US EPA. NHSRC~DCMD has developed a systematic decontamination research 
program to fulfill this mission. As a part of this program, developmental and commercially 
avail~ble decontamination technologies for chemical agents are being systematically evaluated. 
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Enzymes would appear to be the ideal decontamination method - safe and environmentally 
benign. They may generally become more appropriate alternatives for existing decontamination 
technologies against chemical (and possibly biological) agents. Enzymes are less hazardous. less 
corrosive, and environmentally compatible and would lower the logistical and operational burden 
related to decontamination. They require low quantities for use (typically 1 0·1 OOg of enzymes 
for every 1 kg of CW A to be decontaminated) and are, therefore, easy to store and ship. The 
Department of Defense (DoD) has completed a substantial amount of research on the 
development of enzymes for CW A decontamination. Proof of concepts included large. scale 
decontamination of military vehicles using a foam application of enzymes. DoD research has not 
been extended into decontamination of indoor building materials. 

Many biological sources have been identified for the organophosphorus acid anhydrolase 
(OPAA) and the organophosphorus hydrolase (OPH) enzymes that could denature selected 
CW As, namely 0-agents and VX, respectively. Enzymatic decontamination of sulfur mustard 
(HD) has been reported for chloroperoxidase (CPO) and dehalogenase (DHG) enzymes but those 
are not commercially available for large scale decontamination purposes and are therefore not 
under consideration at this time. Disadvantages of enzymes in general can be found in their 
limited potlife when prepared in solution and their inability to work in harsh (elevated 
temperatures and/or high/low pH) environments. However, improvements in stability have made 
enzymes now suitable for decontamination in ambient indoor and outdoor like conditions. 
Enzyme inhibition due to a presence of e.g. proteins on the surface of the building material may 
play a role in the overall decontamination efficiency. However, at this time only ideal, clean 
surfaces contaminated with a CW A will be used to determine the etlicacies of this enzyme 
solution. 

VI. SCOPE 

The overall objective of this work is to systematically evaluate a commercially available enzyme 
solution as a decontaminant for chemical agents thickened soman (TGD) and VX. As part of 
this project, the efficacy of this decontaminant shall be detennined as function of building 
material for several contact times with the solution. In addition, the effects of the decontaminant 
on five building materials shall be determined by visual inspection along with a by-product 
determination of this decontamination method, especially for VX decontamination by-products. 

VII. TECHNICAL APPROACH 

Details for the general technical approach can be found in Section VIII but the overall technical 
approach follows the same approach as established under the Technology Testing and Evaluation 
Program (TTEP) Task Order (TO) 1140 under contract GS-23FOO.l1L. In that TO, a test method 
was developed to test liquid decontaminants similar to how they would be used in the field for 
chemical agents. Most of the method development under TO 1140 shall be applied here as well. 
Additional method development was completed under W A 0..03, the W A that preceded this WA. 
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During the decontamination testing with enzymes, the decontamination efficac;:y shall be 
dete.nnined and decontamination by-products shall be identified. Materials effects shall also be 
visuaJly assessed. A test/QA plan that covers experiments under Tasks 3 and 4~ entitled 
"Test/QA Plan for Enzymatic Decontamination of Chemical Warfare Agents" (July 2010) has 
been approved. The additional testing under Task 5 shall be described in an amendment to this 
QAPP. Such amendment shall be approved by the EPA W AM prior to commencement of this 
task. 

VIII. TASKS 

TI1e contractor shall perform the following tasks: 

TASK 1. PREPARATION OF TEST/QA PLAN 

The awardee shall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)'' included with this extramural action, see 
attachment # 1 and #2. The contractor shall prepare a QAPP in accordance with 
http://www.epa.gov/quality/qs-docs/r5-final&:df and the NHSRC Quality Assurance (QA) 
requirement as defined in Attachment #2 to the SOW. For guidance on preparing a 
research-specific QAPP, the preparer should refer to the project specific requirements 
provided in NHSRC's Quality Management Plan (QMP). The draft QAPP will be 
reviewed by the EPA W AM and the EPA Quality Assurance Manager. The contractor 
shall respond to comments and submit the QAPP approval to the EPA W AM and EPA 
Quality Assurance Manager. The QAPP, including any amendments, shall be approved 
by the U.S. EPA in writing (e.g., signature on the approval page) prior to the start of any 
work. Additional information related to QA requirements can be found at: 
http://www.epa.gov/guality/qs-docs/r5-final.pd[ 

Under W A 0-03, a comprehensive QAPP was developed, entitled "Test!QA Plan for 
Enzymatic Decontamination of Chemical Warfare Agents", approved July 2010 which 
covers the testing Wider Tasks 3 and 4. This QAPP shall be amended to include the 
testing as described in TaskS. Amendments to this QAPP shall also be created as needed 
to include any modifications to the original test plan. 

TASK 2. PROCUREMENT OF THE ENZYME PRODUCT 

The contractor shall procure the enzyme product DEFENZ VX-G from its manufactW'er 
Genencor within 30 days of award of the work assignment. 

TASK 3. SYSTEMATIC EVALUA~ION OF ENZYMATIC DEC.ONTAMINATION SOLUTIQNS 

An important variable in teehnoJogy verification is the underlying s~e type. For that 
reason, the contractor shall perform tests on the following five building material coupons: 
two flooring materials (wood and vinyl), galvanized metal ductwork, decorative laminate, 
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and industrial grade carpet. The size of the building material coupons shall be 3.5 by 1.5 
em. Coupons have been prepared under the previous W A 0-03 and thls W A shall 
continue to use the same coupon materials. Brand characteristics shall be provided to the 
EPA W AM. The contractor shall procure and prepare the coupons. 

The contractor shall prepare the enzyme solution by following the instructions as 
provided by the manufacturer. Genencor. A fresh solution shall be prepared at the 
beginning of each day of the systematic evaluation as described in this task while for 
Task 5 sufficient solution shall be prepared to allow for the delayed application of the 
solution. In all cases, the contractor shall record the time difference between the time of 
preparation and time of usage of the enzyme solution for quality control purposes. The 
contractor shall also measure the pH of the enzyme solution prior to application. 

The EPA W AM will provide the contractor with the thickening method for the GD 
during the drafting of the QAPP. Extraction methods of the CWA from the building 
materials have been developed under TO 1140 for four of the five building material and 
the contractor shall use these extraction methods. For the fifth building material, vinyl 
flooring, the contractor has developed an extraction method under W A 0-03 for 
extracting TGD and VX. 

A method detection limit study for TOO and VX on four of the five building materials 
was perfonned under TO 1140 and for vinyl flooring under WA 0-03. These studies shall 
not be repeated. Repeating extraction methods or method detection limit studies beyond 
what has been established under TO 1140 and W A 0-03 is considered out of the scope of 
this statement of work. 

Application of the enzyme solution in the field would occur as a spray. Therefore1 the 
contractor shall first determine the amount of enzyme solution applied to a 3.0 by 1.5 em 
coupon size during spraying following the developed method under TO 1140. The 
contractor shall also develop a method to quench (neutra1ize) the enzyme 
decontamination reaction such that different exposure times can be evaluated. 

A test matrix shall be constructed using five building materials and two agents for one 
exposure time and the decontamination efficiency shall be obtained for each test. At least 
5 replicates of test coupons, 5 replicates of positive controls, 5 replicates of solution 
controls, and 2 replicates of procedural blanks shall be analyzed for each 
agent/enzyme/material combination for one exposure time. Solution controls are defined 
as controls where CW A-contaminated coupon interacts with the enzyme solution without 
the enzyme present in the solution. lnfonnation regarding the specific solution for the 
enzyme (most likely buffered water) will be provided by the manufacturer of the enzyme 
product. The applied solution for this control type shall be amended to match the 
recorded pH of the enzyme solution. 

The full matrix for is shown in Table 1. Absolute expo.sure time will be 15 minutes. 
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T bl 1 T t . fi . d 'th a e . est rna nx or systematic econtammatlon Wl enzymes . 
Sample Type 

Agent Material Test Positive Solution Procedural Laboratory 

Coupons Controls Controls Blanks Blanks 

vx Galvanized Metal 5"' s• :;• 2"' 2 .. 

vx Decorative Laminate 5 5 s 2 2 

vx Industrial Carpet s• s• s• 2* 2• 

vx Wood Flooring 5 .5 s 2 2 

vx Vinyl Flooring 5 s 5 2 2 

TOD Galvanized Metal s• s• .5"' 2"' 2 .. 

TOD Decorative Laminate 5 .s s 2 2 

TGD Industrial Carpet s• 5* 5* 2* 2* 

TGD Wood Flooring 5 5 5 2 2 

TGD Vinyl Flooring 5 .5 5 2 2 

The contractor shall have 95 samples for analysis per agent giving a total of 190 samples 
for the decontamination test matrix under this task. The CW A amount present on a 
coupon shall be determined by GC-FPD or GCMS analysis of the extraction solvent as 
developed under previous task orders, including TO 1140. 

The contractor shall perform a qualitative assessment of decontamination by• products for 
samples marked (*) in Table 1 using full scan GCMS. 

Efficacy results obtained from the test matrix presented in Table 1 shall be used to 
detennine the material substrate type associated with the highest and lowest effi~acy for 
enzymatic decontamination. For the material with the highest associated efficacy, two 
shorter contact times and for the material with the lowest efficacy, two longer contact 
times of the enzyme solution with the CW A shall be evaluated. Note that the selected 
material types may be different for the respective CW A. Table 2 shows the matrix for this 
test. Results for solution controls shall be obtained for the shorter interaction times only 



Table l: Additional testing for two building materials with highest or lowest efficacy (0; 
TBD = to be detennined 

Sample Type 

Agent Material . Interaction Te:st Po:silive SoiiUtion Procedural Laooratory 

time Coupons Controls Controls Blanks Blanks 

TBD~ high~ 5 s 5 5 2 2 
vx 

TBD;high~ 10 5 5 5 2 2 

TBD;low ~ 30 5 5 0 2 2 
vx 

TBD; low~ 45 5 5 0 2 2 

TRD; high~ 5 5 5 5 2 2 
TOO 

TBD; high~ 10 5 5 5 2 2 

TBD; low~ 30 5 5 0 2 2 
TGD 

TBD; low~ 45 5 5 0 2 2 

The contractor shall have 66 samples for analysis per agent giving a total of 132 samples 
for this decontamination test matrix. The CW A amount present on a coupon shall be 
determined by GC-FPD or GCMS analysis of the extraction solvent as developed under 
previous task orders, including TO 1140 as well as under WA 0-03. 

Last of all, the etfect of the enzyme decontamination solution on the materials shall be 
determined. The integrity of the materials shall be tested using visual inspection and 
documented with (digital) photographs taken before the decontamination solution is 
applied and at the end of the 15 minutes interaction time of the enzyme solution with the 
CWA. 

TASK 4. QUALITATIVE AsSESSMENT Oft" VX DECONTAMINATION BY·PRODUCTS 

The contractor shall perform a qualitative assessment of the decontamination by-products 
formed from the reaction of VX with the liquid enzyme decontamination solution 
DEFENZ VX-G without the presence of a building material substrate and for the 15 
minutes interaction time. A general extraction procedure using a polar solvent for 
subsequent analysis via liquid chromatography .mass spectrometry (LC·MS) shall first be 
developed by the contractor upon consultation with the EPA W AM. The contractor shall 
then use this extraction and analysis procedure for analysis of solutions of VX that have 
been decontaminated with the enzyme solution and afterward neutralized. In. addition, 
blank neutralized enzyme decontamination solutions shall also be extracted and analyzed 
using the same extraction and LC-MS procedure. The test matrix for this task is. shown in 
Table 3. 
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Table 3: Full ' fi LC MS b od l . test matrsx or - >Y·Pr uet analYSIS 
Agent Sample Type # replicates 

vx DEFENZ VX-0 Enzyme 3 

solution with Chemical Agent 

None Neutralized enzyme solution 3 

TASK 5. DELAYED ENZYMATIC DECONTAMINATION 

The material with the highest associated efficacy (~) for enzymatic decontamination after 
the default 15 minutes interaction time as determined under Task 4 shall be used for a test 
where the efficacy shalf be determined as fun.ction of the pot life time as defined as the 
time between preparation of the enzyme solution and the actual application onto the 
coupon surface. Three pot life values shall be used, namely 6h, 1St and 24h. Table 4 
shows the test matrix for this task. The enzyme solution shall be maintained at room 
temperature in a sealed container during the period between preparation and application. 
After the specific pot life time has expired, the enzymatic decontamination of the 
coupons shall follow the same procedures as followed under Task 3. 

T bl 4 T 'fi hdled r fh 1 . a e . est matnx ort e eayt appllcation o t e enzyme so ut10n . 
Sample Type 

Agent Material Pot life Test Positive ~olutitm Procedural Laboratory 

(hours) Coupons Controls Controls Blanks Blanks 

6 s 5 0 2 2 

vx TBD; high~ 15 s 5 0 2 2 

24 5 5 0 2 2 

6 :5 s 0 2 2 

TOD TBD; high~ 15 5 5 0 2 2 

24 5 5 0 2 2 

The contractor shall have 42 samples for analysis per agent giving a total of 84 samples 
for the decontamination test matrix under this task. No solution controls shall be acquired 
for this task. The CW A amount present on a coupon shall be determined by GC-FPD or 
GeMS analysis of the extraction solvent as developed under previous task orders, 
includingTO 1140. 

IX. DELIVERABLE SCHEDULE 

1. Bi-weekly conference calls shall be established between the EPA W AM and the 
contractor pro.ject officer. During these conferen~ calls the contractor shall 
report on progress made in the project and any technical issues encountered in 
implementation of the test plan. 
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2. An amendment to the existing QAPP entitled "Test/QA Plan for Enzymatic 
Decontamination of Chemical Warfare Agents", approved July 2010 that covers 
research eftorts described under Task 5 shall be submitted to the EPA WAM 
within 60 days of award of the work assignment. The EPA W AM will then 
coordinate peer and EPA QA review of the QAPP amendment. The contractor 
shall then address any comments resulting from these reviews within 1 :5 days of 
receipt of the comments. The contractor shall then provide a final copy of the 
QAPP amendment both in electronic and hard copy for EPA approval. Work 
covered in this contract under Task 5 shall not begin until the QAPP amendment 
has been approved by the EPA Quality Assurance Manager. The QAPP 
amendment shall contain work plans detailing how the experiments will be run 
and include a timetable for task completion. The awardee shall adhe:re to QA 
requirements as delineated in "Attachment #1 and 2" to this SOW. 

3. Transfer of project data (including raw data} shall occur via electronic mail at the 
conclusion of each experiment within each task. 

4. A detailed written summary of experimental procedures shall be provided to the 
W AM at the conclusion of this W A. This report shall indicate the exact 
operational conditions (e.g. enzyme solution preparation procedure and exposure 
time), raw peak areas from the mass spectra, the calibration data sets for the GC
MS of the coupon extracts, the measured agent concentrations on all of the 
coupons (test coupons, procedural blanks, positive controls, solution controls, and 
laboratory blanks). In relation to Task 4, the report shall indicate the operational 
conditions of the LC-MS and the raw mass spectra data for detected by-products 
that are identifted as by-products of the decontamination process tor all samples. 
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AMENDMENTJ 

to 
STATEMENT OF WORK 

Contract EP-C-10-001 

ENZYMATIC DECONTAMINATION OF CHEMICAL WARFARE AGENTS 

OMIS DCMD 3.48 

I. AMENDED SCOPE 

Enzymatic decontamination is being investigated as a benign decontamination method for 
chemical warfare agents (CWAs). WA 1-04 under contract EP-C-10-001 currently evaluates the 
DEFENZ™ VX-G product by Genencor for the decontamination of chemical agents thickened 
soman (TGD) and VX on multiple interior building materials. This Amendment #1 will cover the 
evaluation oftheDEFENZ™ B-HD enzyme product as commercially available by Genencor for 
the decontamination of chemical agent sulfur mustard from multiple interior building materials. 

II. TECHNICAL APPROACH 

The overall technical approach follows the same approach as established under W A 1-04 and 
WA 0-03 under contract EP-C-10-001. Under these WAs, a test method was utilized to assess 
enzyme solutions similar to how they would be used in the field for chemical agent 
decontamination purposes. Method development in the form of extraction efficiency and 
detection limit studies shall only be performed in relation to the use of HD as the chemical agent 
and vinyl flooring material as the building material for which such development has not been 
made under previous work assignments or task orders. 

III. TASKS 

The contractor shall perform the following tasks in relation to decontamination of HD. The task 
numbers and general descriptions are similar to those in place for the ongoing decontamination 
testing for VX and TGD using the DEFENZ™ VX-G enzyme product. 

TASK 1. PREPARATION OF AN AMENDMENT TO TEST/QA PLAN 

The awardee shall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action, see 
attachment #1 and #2. The contractor shall prepare a QAPP amendment in accordance 
with http://www.epa.gov/guality/qs-docs/r5-final.pdf and the NHSRC Quality Assurance 
(QA) requirement as defined in Attachment #2 to the SOW. For guidance on preparing a 
research-specific QAPP, the preparer should refer to the project specific requirements 
provided in NHSRC's Quality Management Plan (QMP). The draft QAPP will be 
reviewed by the EPA Contracting Officer Representative (COR) and the EPA Quality 
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Assurance Manager. The contractor shall respond to comments and submit the QAPP 
approval to the EPA COR and EPA Quality Assurance Manager. The QAPP, including 
any amendments, shall be approved by the U.S. EPA in writing (e.g., signature on the 
approval page) prior to the start of any work. Additional information related to QA 
requirements can be found at: http://www.epa.gov/quality/qs-docs/r5-final.pdf. 

The test/QA plan, entitled "Test/QA Plan for Enzymatic Decontamination of Chemical 
Warfare Agents" (July 2010) plus Amendment 2 (October 2010) has been approved and 
covers experiments for VX and TGD under Tasks 3-5. An amendment to this QAPP shall 
be created to include the enzymatic decontamination ofHD using the DEFENZ™ B-HD 
enzyme product. This amendment related to the study with HD shall be approved by the 
EPA COR prior to commencement of this W A amendment. 

TASK 2. PROCUREMENT OF THE ENZYME PRODUCT 

US EPA will procure the enzyme product DEFENZ™ B-HD from its manufacturer 
Genencor and will arrange for delivery of sufficient enzyme product to the contractor to 
complete the tasks. No additional effort is proposed under this task. 

TASK 3. SYSTEMATIC EVALUATION OF ENZYMATIC DECONTAMINATION SOLUTIONS 

The contractor shall perform tests on the same five building material coupons as currently 
being used for W A 1-04, namely two flooring materials (wood and vinyl), galvanized 
metal ductwork, decorative laminate, and industrial grade carpet. The size of the building 
material coupons shall again be 3.5 by 1.5 em. If needed, the contractor shall procure and 
prepare additional coupons, identical in size to those in use under W A 1-04 to perform 
this study. 

The contractor shall prepare the DEFENZ™ B-HD enzyme solution by following the 
instructions as provided by the EPA COR. A fresh solution shall be prepared at the 
beginning of each day of the systematic evaluation as described in this task while for 
Task 5 sufficient solution shall be prepared to allow for the delayed application of the 
solution. In all cases, the contractor shall record the time difference between the time of 
preparation and time of usage of the enzyme solution for quality control purposes. The 
contractor shall also measure the pH of the enzyme solution prior to application. 

Satisfactory extraction methods of the CW A from the building materials have been 
developed under TO 1140 (GS-23F-0011L-3) and the contractor shall use these 
extraction methods. The contractor shall only assess the same extraction method for 
extracting HD from vinyl flooring since this building material was not part of the initial 
development. This assessment shall be made for a diluted HD solution as applied to the 
coupon as well as for a neat HD applied to the coupon in order to assess the effect the 
dilution solvent may have on the extraction efficiency from vinyl flooring material. 

A method detection limit (MDL) study for HD was performed for four building materials 
but not for vinyl flooring under TO 1140. These studies shall not be repeated. The 
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contractor shall only perform an MDL study for HD for vinyl flooring. Repeating 
extraction methods or method detection limit studies beyond what has been established 
under TO 1140 and W A 0-03 is considered out of the scope of this statement of work. 

Application of the enzyme solution in the field would occur as a spray. The contractor 
has determined under the ongoing W A 1-04 the amount of enzyme solution applied to a 
3.0 by 1.5 em coupon size during spraying and shall use these amounts. The contractor 
shall develop a method to quench (neutralize) the enzyme decontamination reaction such 
that different exposure times can be evaluated. This quenching method shall not result in 
additional decontamination/destruction of the target (HD). 

A test matrix shall be constructed using five building materials for one exposure time and 
the decontamination efficiency shall be obtained for each test. At least 5 replicates of test 
coupons, 5 replicates of positive controls, 5 replicates of solution controls, and 2 
replicates of procedural blanks shall be analyzed for each enzyme/material combination 
for one exposure time. Solution controls are defined as controls where CWA
contaminated coupon interacts with the enzyme solution without the enzyme present in 
the solution. Information regarding the specific solution for the enzyme (most likely a 
percarbonate I propylene glycol diacetate I water solution) will be provided by the 
manufacturer of the enzyme product. The contractor shall perform one simulated stirred 
reactor test (in triplicate with triplicate positive controls and one procedural blank). This 
simulated stirred reactor test is defined as a test where HD shall interact with the enzyme 
solution in a vial (no coupon surface present) through sonication for the same amount of 
time as the coupon decontamination tests. 

The full matrix is shown in Table 1. The exposure time is expected to be 15 minutes, 
however, the EPA COR will modify this time if needed based on information from the 
enzyme product manufacturer. 

T bl 1 T t t . fi t f d t . f 'th a e . es rna nx or sys ema 1c econ amma wn w1 enzymes . 
Sample Type 

Agent Material Test Positive Solution Procedural Laboratory 

Coupons Controls Controls Blanks Blanks 

HD Galvanized Metal 5* 5* 5* 2* 2* 

HD Decorative Laminate 5 5 5 2 2 

HD Industrial Carpet 5* 5* 5* 2* 2* 

HD Wood Flooring 5 5 5 2 2 

HD Vinyl Flooring 5 5 5 2 2 

HD 
None; Simulated 

3* 3* 0 1* 0 
Stirred Reactor 

The contractor shall have a total of 1 02 samples for this decontamination test matrix. The 
CWA amount present on a coupon shall be determined by GC-FPD or GCMS analysis of 
the extraction solvent as applied under W A 1-04. The contractor shall perform a 
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qualitative assessment of decontamination by-products for samples marked (*) in Table 1 
using full scan GCMS. 

The effect of the enzyme decontamination solution on the materials shall be determined. 
The integrity of the materials shall be tested using visual inspection and documented with 
(digital) photographs taken before the decontamination solution is applied, after the 15 
minutes interaction time, and after two days after testing. The procedural blanks shall be 
considered as representatives for this evaluation. 

Efficacy results obtained from the test matrix in Table 1 shall be used to determine the 
material substrate type associated with the highest and lowest efficacy for enzymatic 
decontamination. For the material with the highest associated efficacy, two shorter 
contact times and for the material with the lowest efficacy, two longer contact times of 
the enzyme solution with the CW A shall be evaluated. Table 2 shows the matrix for this 
test. Results for solution controls shall be obtained for the longer interaction times only. 
The EPA COR will modify these times if needed based on information from the 
manufacturer. 

Table 2: Additional testing for two building materials with highest or lowest efficacy(~ 
Sample Type 

Agent Material 1 Interaction Test Positive Solution 

Time 2 Coupons Controls Controls 

TBD; high~ 5 5 5 0 
HD 

TBD; high~ 10 5 5 0 

HD 
TBD; low~ 30 5 5 5 

TBD; low~ 60 5 5 5 

1 TBD: matenals to be determmed based on results from testmg m Table 1 
2 Actual times may vary pending information provided by EPA COR 

Procedural 

Blanks 

2 

2 

2 

2 

Laboratory 

Blanks 

2 

2 

2 

2 

); 

The contractor shall have a total of 66 samples for this decontamination test matrix. The 
CWA amount present on a coupon shall be determined by GC-FPD or GCMS analysis of 
the extraction solvent as developed under previous task orders, including TO 1140 as 
well as under W A 1-04. 

TASK 4. QUALITATIVE ASSESSMENT OF DECONTAMINATION BY-PRODUCTS 

No additional effort is proposed under this task. By-products of interest from the 
decontamination of HD are detectable using full scan GCMS and no liquid 
chromatography mass spectrometry (LC-MS) analysis for detection of decontamination 
by-products shall be performed 

TASK 5. DELAYED ENZYMATIC DECONTAMINATION 
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The material with the highest associated efficacy (~) for enzymatic decontamination after 
the default 15 minutes interaction time (or as defined by the EPA COR) shall be used for 
a test where the efficacy shall be determined as function of the pot life time as defined as 
the time between preparation of the enzyme solution and the actual application onto the 
coupon surface. Three pot life values shall be used, namely 6, 15, and 24 hr. The EPA 
COR will have the right to modify these times if needed based on information from the 
manufacturer of the enzyme product. The EPA COR will provide the contractor with the 
storage conditions of the enzyme solution. Table 4 shows the test matrix for this task. 
After the specific pot life time has expired, the enzymatic decontamination of the 
coupons shall follow the same procedures as followed under Task 3. 

T bl 4 T t'flthdl d r r f h 1 f a e 0 estma nx or e e aye appJ 1ca wn o t e enzyme so u 10n 0 

Sample Type 

Agent Material 1 Pot life Test Positive Solution Procedural Laboratory 

(hours) Coupons Controls Controls Blanks Blanks 

6 5 5 0 2 2 

HD TBD; highs 15 5 5 0 2 2 

24 5 5 0 2 2 
1 TBD: matenals to be determmed based on results from testmg m Table 1 

The contractor shall have a total of 42 samples for the decontamination test matrix under 
this task. No solution controls shall be acquired for this task. The CW A amount present 
on a coupon shall be determined by GC-FPD or GCMS analysis of the extraction solvent 
as developed under previous task orders, including TO 1140. 

IV. DELIVERABLE SCHEDULE 

1. Bi-weekly conference calls shall be continued between the EPA COR and the 
contractor project officer during execution of this amendment. 

2. An amendment to the existing QAPP entitled "Test/QA Plan for Enzymatic 
Decontamination of Chemical Warfare Agents", approved July 2010 that covers 
research efforts described in this amendment to the SOW shall be submitted to the 
EPA COR within 45 days of receipt of this Amendment 1 to W A 1-04. The EPA 
COR will coordinate peer and EPA QA review of the QAPP amendment. The 
contractor shall then address any comments resulting from these reviews within 
15 days of receipt of the comments. The contractor shall then provide a final 
copy of the QAPP amendment (electronic copy) for EPA approval. Work 
covered in this Amendment 1 shall not begin until the QAPP amendment has been 
approved by the EPA Quality Assurance Manager. The QAPP amendment shall 
contain work plans detailing how the experiments will be run and include a 
timetable for task completion. The awardee shall adhere to QA requirements as 
delineated in "Attachment #1 and 2" to this SOW. 

5 



3. Transfer of project data (including raw data) shall occur via electronic mail at the 
conclusion of each experiment within each task. 

4. A detailed written summary of experimental procedures shall be provided to the 
EPA COR at the conclusion of this W A. This report shall indicate the exact 
operational conditions (e.g. enzyme solution preparation procedure and exposure 
time), raw peak areas from the mass spectra, the calibration data sets for the GC
MS of the coupon extracts, the measured agent concentrations on all of the 
coupons (test coupons, procedural blanks, positive controls, solution controls, and 
laboratory blanks). 
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Performance Work Statement 

Period of Performance: Effective date of Work Assignment through 03/01/11 

The United States Environmental Protection Agency's (EPA) Office of Atmospheric 
Programs (OAP) desires to test and evaluate an ambient air monitoring system that will 
meet the goals and the anticipated needs of the Clean Air Status and Trends Network 
(CASTNET) as well as other Agency sponsored monitoring programs for the next two to 
three decades. It is anticipated that these systems will serve other Agency monitoring 
goals and objectives such as those outlined in the National Air Monitoring Strategy 
(http://www.epa.gov/ttn/amtic/monitor.html). For more information on CASTNET 
including program background, atmospheric deposition and concentration data, air 
quality and deposition maps, CASTNET documentation, and site information visit the 
CASTNET web site at: http://www.epa.gov/castnet. 

I. Introduction 

The EPA has initiated a program to investigate advanced measurement systems to meet 
the emerging needs in air quality and environmental assessments. The EPA is interested 
in testing and evaluating technically and scientifically advanced measurement methods 
capable of providing real-time, accurate, and quantitative measurements of ambient 
gaseous and aerosol constituents. Recent advancements in ambient air measurement 
instrumentation now provides the capability of remote access to field instruments to 
monitor operating status and to allow real-time or near real-time (within 24 hours) access 
to measurement data. The advantages of routine operation of such systems include a 
much more timely data stream and improved air quality assessment capability. Real
time, multi-pollutant monitoring in rural areas will help the EPA better characterize the 
extent of regional transport of pollutants (i.e., particulate matter and gaseous precursors), 
provide improved regional dry deposition estimates, and help in both the development 
and validation of air quality models. These measurement systems could also be used as 
an early warning system in the event of an intentional or accidental release of chemicals 
or agents which may affect human health. 

The EPA is interested in testing an advanced monitoring instrument that will meet the 
rigors of long-term, routine environmental monitoring in remote locations (such as the 
CASTNET program) and will provide high quality data on a real-time basis. A multi
pollutant monitoring approach will also allow for continued improvement in source 
apportionment analyses and modeling which is necessary for determining the relative 
contributions of various emission sources to atmospheric air quality. 

In a previous acquisition EPA selected the Monitor for Aerosols and Gases in Ambient 
Air (MARGA) manufactured by Applikon Analytical for a multi-year development and 
testing program to determine the feasibility of implementing an advanced, multi-pollutant 
measurement instrument that provides hourly measurements of both gaseous and aerosol 
species as part of its routine monitoring network. 



II. Project Description 

This project is intended to provide an independent evaluation of the MARGA through the 
Advanced Monitoring Systems (AMS) Center ofEPA's Environmental Technology 
Verification Program (ETV; http://www.epa.gov/etv/basic.html) to determine if the 
instrument meets the EPA's monitoring requirements and specifications (Attachment A). 
Instruments from other manufacturers may be evaluated during this project upon request 
from the instrument vendor and approval by EPA COR. The contractor shall use the 
ETV test/quality assurance (QA) plan prepared previously. This project shall consist of 
conducting verification testing, providing QA oversight and auditing, and preparing the 
verification report and a summary statement on the instrument. 

The Work Assignment Manager shall provide technical direction for performance of 
specific tasks under this work assignment. Additional tasks may be issued for the 
conduct of the testing, data analysis and preparation of reports. 

III. Task 1. Verification Testing 

The Contractor shall conduct the verification testing of instruments in accordance with 
the Test/QA Plan developed in the previous work assignment for this project 
(http://www.epa.gov/nrmrllstd/etv/pubs/600r08150/600r08150.pdf). The verification 
testing shall be jointly coordinated and conducted by the EPA and the Contractor at the 
EPA facility in Research Triangle Park (RTP), NC. Two MARGA instruments will be 
set up in a field trailer and operated by EPA personnel. EPA personnel will obtain and 
deliver instrument-validated data from the MARGA to the Contractor within 24 hours of 
data retrieval, and such data delivery will be performed daily during normal work days 
throughout the testing period. 

The Contractor shall provide an on-site Test Coordinator to oversee the testing efforts, 
observe the operation of the test instruments, operate reference instruments and samplers, 
and ensure that all needed samples, analyses and data records are obtained. In addition, 
the Contractor will perform QA oversight and auditing of the test procedures. That QA 
activity will include one trip to conduct both a one-day on-site Technical Systems Audit 
at the RTP test site and a comparable one-day TSA at the MACTEC reference analytical 
lab. An Audit of Data Quality will also be conducted on at least 10% ofthe test data 
during the reporting process. 

Reference method samples shall be collected every twelve hours throughout the testing 
period from duplicate collocated measurement systems. The reference method 
measurement systems shall be located near or on top of the trailer. Reference sampling 
shall begin a minimum of 7 days before the beginning of the testing period to 
demonstrate reference tests are in control and providing reliable and accurate data. The 
Contractor shall ship reference samples for overnight delivery to the analytical laboratory 
within 24 hours of collection. EPA will provide for preparation and analysis of reference 



samples according to the procedures specified in the testing protocol. Results from 
laboratory analyses obtained in the first 7 days of sampling, or until reference sampling is 
demonstrated to be in control, will be provided to all participants within 5 days of receipt 
of samples by the laboratory. Results from laboratory analyses obtained during the 
remainder of the test period will be provided to all participants within 15 days of receipt 
of samples. 

Verification testing shall be conducted for 30 consecutive days. 

IV. Task 2. Data Analyses and Report 

The Contractor shall evaluate the performance of the MARGA systems by the criteria 
and methods set forth in the Test/QA Plan. The Contractor shall prepare a draft ETV 
verification report on the verification results in the standard ETV AMS Center format, 
and submit the report for approval by the ETV AMS Center. The report shall be revised 
and finalized based on review comments. 

V. Deliverables: 
(1) Work Plan 
(2) Draft Report 
(3) Final Report 

Within 15 days from issuance of work assignment 
Within 60 days of completion of testing period 
Within 30 days of receipt of comments 



Attachment A. Quality Performance Criteria and Standards 

Performance Goal Measurement Method Standard 

Accuracy Goal 1 S02,HN03, Slope (m) of linear regression by least-squares 0.80 ~m~ 1.20 
NH3, 8042_, method of mean value of reference 
N03_, and measurements paired with measurement of each 
NH4+ instrument. All data with mean reference values 

below 2 times the instrument detection limit 
(IDL) are excluded. 

Accuracy Goal 2 802, HN03, Intercept (b) of linear regression by 10 ppb ~ b ~ 10 ppb 
NH3, 8042_, least_squares method of mean value of reference 
N03_, and measurements paired with measurement of each 
NH4+ instrument. All data with mean reference values 

below 2 times the IDL are excluded. 

Accuracy Goal 3 S02,HN03, The median absolute relative percent differences MARPD ~40% 
NH3, 8042_, (MARPD) between the mean value of reference 
N03_, and measurements paired with measurement of each 
NH4+ instrument. 

Accuracy Goal 4 (If 802, HN03, Perform Wilcoxon matched pairs test to p_ value~ 0.05 
the instrument does NH3, 8042_, determine if the failure to achieve Accuracy 
not meet Accuracy N03_, and Goal 3 is due to expected measurement 
Goa13) NH4+ variation. The ratio of observed differences in 

the two data sets (i.e., reference and instrument) 
to expected random differences in the same two 
data sets. 

Precision Goal I S02, HN03, Median absolute relative percent difference MARPD ~25% 
NH3, S042_, (MARPD) between paired instrument 
N03_, and measurements. All data with mean instrument 
NH4+ values below 2 times the IDL are excluded. 

Precision Goal 2 802, HN03, Median absolute relative percent difference RPDo.s ~ RPDREF0.95 
NH3, 8042_, between paired instrument measurements 
N03_, and (RPD0.5 ) is less than the 95th percentile of the 
NH4+ pooled RPD of the reference method (RPD 

REF0.95 ). 

Completeness Goal 1 S02,HN03, Percentage of test period for which valid data, as Tvalid~ 80% 
NH3, 8042_, indicated by the instrument, is available within 
N03_, and 24 hours of collection. 
NH4+, Na+, 
Ca+, Cl_ 

Completeness Goal 2 S02, HN03, Completeness of data record for comparison TReference ~ 80% 
NH3, 8042_, with reference measurements for each test 
N03_, and period, when detected by reference 
NH4+, Na+, measurements (i.e., hours of valid measurements 
Ca+, Cl_ for each valid reference measurement period). 

Reliability Goal 1 Instrument Percentage of time instrument is in measurement TMeasurement ~ 90% 
measurement mode for test period 
mode 



Reliability Goal 2 

Reliability Goal 3 

----------------------

Power failure 
tolerance 

Operator 
attendance 

In the event of a power failure the instrument has Yes/No 
sufficient back_up power to perform a controlled 
shutdown, restarts, and instrument returns to 
measurement mode within 4 hours after power 
has returned. 

Average number of site visits per week required N ::S 2 
to keep instrument operating. 
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Performance Work Statement 

Period of Performance: Effective date of Work Assignment through 03/01/11 

The United States Environmental Protection Agency's (EPA) Office of Atmospheric 
Programs (OAP) desires to test and evaluate an ambient air monitoring system that will 
meet the goals and the anticipated needs of the Clean Air Status and Trends Network 
(CASTNET) as well as other Agency sponsored monitoring programs for the next two to 
three decades. It is anticipated that these systems will serve other Agency monitoring 
goals and objectives such as those outlined in the National Air Monitoring Strategy 
(http://www.epa.gov/ttn/amtic/monitor.html). For more information on CASTNET 
including program background, atmospheric deposition and concentration data, air 
quality and deposition maps, CASTNET documentation, and site information visit the 
CASTNET web site at: http://www.epa.gov/castnet. 

I. Introduction 

The EPA has initiated a program to investigate advanced measurement systems to meet 
the emerging needs in air quality and environmental assessments. The EPA is interested 
in testing and evaluating technically and scientifically advanced measurement methods 
capable of providing real-time, accurate, and quantitative measurements of ambient 
gaseous and aerosol constituents. Recent advancements in ambient air measurement 
instrumentation now provides the capability of remote access to field instruments to 
monitor operating status and to allow real-time or near real-time (within 24 hours) access 
to measurement data. The advantages of routine operation of such systems include a 
much more timely data stream and improved air quality assessment capability. Real
time, multi-pollutant monitoring in rural areas will help the EPA better characterize the 
extent of regional transport of pollutants (i.e., particulate matter and gaseous precursors), 
provide improved regional dry deposition estimates, and help in both the development 
and validation of air quality models. These measurement systems could also be used as 
an early warning system in the event of an intentional or accidental release of chemicals 
or agents which may affect human health. 

The EPA is interested in testing an advanced monitoring instrument that will meet the 
rigors of long-term, routine environmental monitoring in remote locations (such as the 
CASTNET program) and will provide high quality data on a real-time basis. A multi
pollutant monitoring approach will also allow for continued improvement in source 
apportionment analyses and modeling which is necessary for determining the relative 
contributions of various emission sources to atmospheric air quality. 

In a previous acquisition EPA selected the Monitor for Aerosols and Gases in Ambient 
Air (MARGA) manufactured by Applikon Analytical for a multi-year development and 
testing program to determine the feasibility of implementing an advanced, multi-pollutant 
measurement instrument that provides hourly measurements of both gaseous and aerosol 
species as part of its routine monitoring network. 



II. Project Description 

This project is intended to provide an independent evaluation of the MARGA through the 
Advanced Monitoring Systems (AMS) Center of EPA's Environmental Technology 
Verification Program (ETV; http://www.epa.gov/etv/basic.html) to determine if the 
instrument meets the EPA's monitoring requirements and specifications (Attachment A). 
Instruments from other manufacturers may be evaluated during this project upon request 
from the instrument vendor and approval by EPA COR. The contractor shall use the 
ETV test/quality assurance (QA) plan prepared previously. This project shall consist of 
conducting verification testing, providing QA oversight and auditing, and preparing the 
verification report and a summary statement on the instrument. 

The Work Assignment Manager shall provide technical direction for performance of 
specific tasks under this work assignment. Additional tasks may be issued for the 
conduct of the testing, data analysis and preparation of reports. 

III. Task 1. Verification Testing 

The Contractor shall conduct the verification testing of instruments in accordance with 
the Test/QA Plan developed in the previous work assignment for this project 
(http://www.epa.gov/nrmrllstd/etv/pubs/600r08150/600r08150.pdf). The verification 
testing shall be jointly coordinated and conducted by the EPA and the Contractor at the 
EPA facility in Research Triangle Park (RTP), NC. Two MARGA instruments will be 
set up in a field trailer and operated by EPA personnel. EPA personnel will obtain and 
deliver instrument-validated data from the MARGA to the Contractor within 24 hours of 
data retrieval, and such data delivery will be performed daily during normal work days 
throughout the testing period. 

The Contractor shall provide an on-site Test Coordinator to oversee the testing efforts, 
observe the operation of the test instruments, operate reference instruments and samplers, 
and ensure that all needed samples, analyses and data records are obtained. In addition, 
the Contractor will perform QA oversight and auditing of the test procedures. That QA 
activity will include one trip to conduct both a one-day on-site Technical Systems Audit 
at the RTP test site and a comparable one-day TSA at the MACTEC reference analytical 
lab. An Audit of Data Quality will also be conducted on at least 10% of the test data 
during the reporting process. 

Reference method samples shall be collected every twelve hours throughout the testing 
period from duplicate collocated measurement systems. The reference method 
measurement systems shall be located near or on top of the trailer. Reference sampling 
shall begin a minimum of 7 days before the beginning of the testing period to 
demonstrate reference tests are in control and providing reliable and accurate data. The 
Contractor shall ship reference samples for overnight delivery to the analytical laboratory 
within 24 hours of collection. EPA will provide for preparation and analysis of reference 



samples according to the procedures specified in the testing protocol. Results from 
laboratory analyses obtained in the first 7 days of sampling, or until reference sampling is 
demonstrated to be in control, will be provided to all participants within 5 days of receipt 
of samples by the laboratory. Results from laboratory analyses obtained during the 
remainder of the test period will be provided to all participants within 15 days of receipt 
of samples. 

Verification testing shall be conducted for 30 consecutive days. 

IV. Task 2. Data Analyses and Report 

The Contractor shall evaluate the performance of the MARGA systems by the criteria 
and methods set forth in the Test/QA Plan. The Contractor shall prepare a draft ETV 
verification report on the verification results in the standard ETV AMS Center format, 
and submit the report for approval by the ETV AMS Center. The report shall be revised 
and finalized based on review comments. 

V. Deliverables: 
(1) Work Plan 
(2) Draft Report 
(3) Final Report 

Within 15 days from issuance of work assignment 
Within 60 days of completion of testing period 
Within 30 days of receipt of comments 



Attachment A. Quality Performance Criteria and Standards 

Performance Goal Measurement Method Standard 

Accuracy Goal 1 S02,HN03, Slope (m) of linear regression by least-squares 0.80:Sm:S 1.20 
NH3, S042_, method of mean value of reference 
N03_, and measurements paired with measurement of each 
NH4+ instrument. All data with mean reference values 

below 2 times the instrument detection limit 
(IDL) are excluded. 

Accuracy Goal 2 S02,HN03, Intercept (b) of linear regression by 10ppb:S b:S 10ppb 
NH3, S042_, least_squares method of mean value of reference 
N03_, and measurements paired with measurement of each 
NH4+ instrument. All data with mean reference values 

below 2 times the IDL are excluded. 

Accuracy Goal 3 S02, HN03, The median absolute relative percent differences MARPD :S40% 
NH3, S042_, (MARPD) between the mean value of reference 
N03_, and measurements paired with measurement of each 
NH4+ instrument. 

Accuracy Goal 4 (If S02,HN03, Perform Wilcoxon matched pairs test to p_value::::: 0.05 
the instrument does NH3, S042_, determine if the failure to achieve Accuracy 
not meet Accuracy N03_, and Goal 3 is due to expected measurement 
Goa13) NH4+ variation. The ratio of observed differences in 

the two data sets (i.e., reference and instrument) 
to expected random differences in the same two 
data sets. 

Precision Goal 1 S02, HN03, Median absolute relative percent difference MARPD :S25% 
NH3, S042_, (MARPD) between paired instrument 
N03_, and measurements. All data with mean instrument 
NH4+ values below 2 times the IDL are excluded. 

Precision Goal 2 S02, HN03, Median absolute relative percent difference RPDo.s :::; RPDREF0.95 
NH3, S042_, between paired instrument measurements 
N03_, and (RPDO.S ) is less than the 95th percentile of the 
NH4+ pooled RPD of the reference method (RPD 

REF0.95 ). 

Completeness Goal 1 S02,HN03, Percentage of test period for which valid data, as Tvalid 2: 80% 
NH3, S042_, indicated by the instrument, is available within 
N03_, and 24 hours of collection. 
NH4+, Na+, 
Ca+, Cl_ 

Completeness Goal 2 S02, HN03, Completeness of data record for comparison TReference 2: 80% 
NH3, S042_, with reference measurements for each test 
N03_, and period, when detected by reference 
NH4+,Na+, measurements (i.e., hours of valid measurements 
Ca+, Cl_ for each valid reference measurement period). 

Reliability Goal 1 Instrument Percentage of time instrument is in measurement TMeasurement 2: 90% 
measurement mode for test period 
mode 



Reliability Goal 2 Power failure In the event of a power failure the instrument has Yes/No 
tolerance sufficient back_up power to perform a controlled 

shutdown, restarts, and instrument returns to 
measurement mode within 4 hours after power 
has returned. 

Reliability Goal 3 Operator Average number of site visits per week required N::S2 
attendance to keep instrument operating. 



PERFORMANCE WORK STATEMENT (PWS) 

SITE CHARACTERIZATION TECHNICAL SUPPORT FOR THE SITE 
CHARACTERIZATION TECHNICAL SUPPORT CENTER (SCTSC) 

Period of Performance: September 2, 2010- August 31, 2011 

Background and Objectives: 

The Office of Solid Waste and Emergency Response (OSWER), Regional Superfund 
Offices, and the Office of Research and Development (ORD) established the Superfund 
Technical Support Project (TSP) to provide technology-based assistance to EPA's Regional 
Remedial Project Managers (RPMs) and On-Scene Coordinators (OSCs) through ORD 
laboratories. The Project consists of a network of Regional Forums and a number of 
specialized Technical Support Centers (TSC). 

The Site Characterization Technical Support Center (SCTSC) is managed by the 
Superfund and Technology Liaison Program (STL) of the Office of Science Policy (OSP.) 
The objectives of the SCTSC are to: 

I. Facilitate the use and implementation of state-of-the-science research products 
developed by EPA and other Federal research laboratories for regional EPA 
personnel to characterize and monitor hazardous constituents waste sites; 

2. Ensure coordination and consistency in the application of contaminant 
characterization technologies; 

3. Provide high technology state-of-the-science information, products and services to 
Waste Program Project Managers. 

4. Facilitate the evaluation and application of innovative characterization and 
monitoring technologies and techniques at waste sites. 

5. Technical support through expert review of scientific documents related to hazardous 
site investigations and characterization. 

Scope of Work: 

The EPA addresses contamination of water, soil, and air at Superfund, Federal 
Facilities, Brownfield, RCRA and Removal sites. The contractor will identify, investigate, 
research, and evaluate innovative technologies and provide technical expertise to ensure that 
the planning of hazardous waste site characterizations and assessments is sound and that 
analytical sampling and monitoring methods and quality control requirements are the most 
effective for achieving site characterization objectives. The technical expertise and 
innovative technologies will include but not be limited to: 1) Evaluating technologies for on
site measurements of inorganic and organic contaminants by field-portable X-ray 
fluorescence (FPXRF), ion mobility spectrometry, GCMS and geophysics, 2) providing 
special (non-routine) laboratory analysis, 3) designing valid sampling and monitoring 
approaches for determining the levels and geographical extent of site contaminants, 4) 
modeling contaminant(s) movement and disposition/deposition for remediation and risk 



assessment purposes, and 5) providing or evaluating special (non-routine) contaminant 
identification (examples: Tentatively Identified Compounds (TICs), contaminant isomers, 
fingerprinting) 6) providing evaluations of non-EPA developed work plans, sampling and 
analysis plans, quality assurance project plans, and other documents. 

The following tasks may be performed, as detailed in technical directives submitted 
to the contractor by EPA. As all the resources provided by the EPA are site-specific cost 
recoverable, the EPA WAM or PO will identify the site and the specific characterization 
objectives. Based on the technical direction provided by EPA, the contractor shall submit a 
work plan and cost estimate within 5 business days of receipt of the technical direction. 

1. Develop and evaluate site-specific sampling and/or monitoring strategies: 
Each sampling/monitoring strategy may be unique to the individual 
characteristics of the site(s) and to the particular site objective for 
characterization or remediation objective(s). The recommendations and 
rationale of each strategy shall be thoroughly documented in the work plan 
or, if determined by the WAM, a Field Sampling Plan (FSP), Apply 
appropriate procedures to address site characterization requirements. This 
may involve contaminant or ground water modeling to determine the 
geographical boundaries of contaminants. 

2. Prepare Project Quality Assurance/Quality Control (QA!QC) Plan. The 
QAIQC criteria must be specific to each site's characterization requirements as 
identified by the WAM . (Definitions in Appendix A). 

3. Conduct field and laboratory contaminant measurement methods to 
identify contaminants, determine concentrations, and evaluate the 
applicability of remedial technologies. 

4. Conduct laboratory and onsite state-of-the-science measurement technologies 
that arc cost and time-effective. Test and evaluate the effectiveness of these 
technologies. Field measurement methods may include FPXRF, Geophysics, 
and selected analytical field methods. Laboratory analysis may include but 
are not limited to Volatile Organic Analysis (VOAs), semi-volatiles, 
inorganics, and radiochemistry. If necessary, the technical directive may 
identify the need for a quick-response for this task to meet time-critical 
monitoring and emergency response objectives. All logistics and timeframes 
for a quick response will be provided by the WAM in the technical directive. 

5. Evaluate reports, models, and work plans, sampling/monitoring protocols, and 
analytical protocols and approaches developed by other entities such as 
Potentially Responsible Parties, other federal agencies, or states. 

6. Provide technical support to EPA Regional Offices or the TSC Director at 
EPA meetings pertaining to the site and the deliverables generated through the 
technical directive. Technical suppori at meetings may include 
documentation, validity, and authenticity of data, innovative measurement 
technology use and evaluation, analytical methods, and sampling or 
monitoring design approaches. 
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7. Prepare general technical papers and reports that provide state-of-the
science guidance in areas that impact site characterization and 
technologies utilized across waste programs. Prepare reports that 
document the application and performance of contaminant 
characterization technologies applied at waste sites in general. This shall 
include providing reliable and accurate information pertaining to 
innovative site characterization and remediation technologies. 

8. Assist EPA Regional Offices in applying site characterization technologies at 
waste sites. This shall also include identifying and recommending appropriate 
technologies that can be tested. 

9. Unless otherwise determined to be impracticable by the WAM or SCTSC 
Director, all data shall adhere to the National Geospatial Data Policy (NGDP), 
which establishes principles, responsibilities, and requirements for collecting 
and managing geospatial data used by Federal environmental programs and 
projects within the jurisdiction of the U.S. Environmental Protection Agency 
(EPA). This Policy also establishes the requirement of collecting and 
managing geospatial metadata describing the Agency's geospatial assets to 
underscore EPA's commitment to data sharing, promoting secondary data use, 
and supporting the National Spatial Data Infrastructure (NSDT). 

10. Review projects using "secondary geospatial data," (data that is a final output 
from another project or source) for Federal Geographic Data Committee 
(FGDC) compliance prior to using that data. 

Dclivcrablcs: 

Deliverables that arc associated with this work assignment include: 

I. Monthly financial status and project progress repotts to be submitted to 
Project Officer (PO) and Work Assignment Manager (WAM) no later than the 
I om day of each month. 

2. For technical direction involving field operations, prepare and submit site or 
quality assurance/quality management plans to the WAM and Regional 
Project Manager at lea<;t 5 working days prior to any field mobilization to the 
site. 

3. Prepare technical reports on evaluations and measurements, submitted to 
WAM for EPA review in a specified timeframe relative to each project under 
the work assignment. These products may be subject to EPA formal peer 
review procedures if determined by the WAM in the technical directive. 

4. Prepare brief summary reports/technical briefs to be submitted to WAM no 
later than 10 working days after the conclusion of each evaluation or project 
in accordance with the deliverable schedule in the technical directive. 

3 



Deliverable schedules may change as determined by discussions between 
the WAM and the contractor Work Assignment Lead (WAL). Deliverable 
schedules for each project shall be agreed upon between both parties and be 
documented and placed in the project file and submitted to the PO. Any 
change in project scope must be done through an amendment submitted to 
the Contracting Officer (CO). 

4 
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PERFORMANCE WORK STATEMENT (PWS) 

SITE CHARACTERIZATION TI<~CHNICAL SUPPORT FOR THE SITE 
CHARACTERIZATION TECHNICAL SUPPORT CENTER (SCTSC) 

Period of Performance: September 2, 2010- August 31, 2011 

Background and Objectives: 

The Office of Solid Waste and Emergency Response (OSWER), Regional Superfund 
Of11ces, and the Office of Research and Development (ORO) established the Superfund 
Technical Support Project (TSP) to provide technology-based assistance to EPA's Regional 
Remedial Project Managers (RPMs) and On-Scene Coordinators (OSCs) through ORO 
laboratories. The Project consists of a network of Regional Forums and a number of 
specialized Technical Support Centers (TSC). 

·rhe Site Characterization Technical Support Center (SCTSC) is managed by the 
Superfund and Technology Liaison Program (STL) of the Office of Science Policy (OSP.) 
The objectives of the SCTSC are to: 

I. Facilitate the use and implementation of state-of-the-science research products 
developed by EPA and other Federal research laboratories for regional EPA 
personnel to characterize and monitor hazardous constituents waste sites; 

2. Ensure coordination and consistency in the application of contaminant 
characterization technologies; 

3. Provide high technology state-of-the-science information, products and services to 
Waste Program Project Managers. 

4. Facilitate the evaluation and application of innovative characterization and 
monitoring technologies and techniques at waste sites. 

5. Technical support through expert review ofscientitic documents related to hazardous 
site investigations and characterization. 

Scope of Work: 

The EPA addresses contamination of water. soil, and air at Superfund, Federal 
Facilities, Brownfield, RCRA and Removal sites. The contractor will identify, investigate, 
research, and evaluate innovative technologies and provide technical expertise to ensure that 
the planning of hazardous waste site characterizations and assessments is sound and that 
analytical sampling and monitoring methods and quality control requirements are the most 
effective for achieving site characterization objectives. The technical expertise and 
innovative technologies will include but not be limited to: 1) Evaluating technologies for on
site measurements of inorganic and organic contaminants by field-portable X-ray 
fluorescence (FPXRF), ion mobility spectrometry, GCMS and geophysics, 2) providing 
special (non-routine) laboratory analysis, 3) designing valid sampling and monitoring 
approaches for determining the levels and geographical extent of site contaminants, 4) 
modeling contaminant(s) movement and disposition/deposition for remediation and risk 



assessment purposes, and 5) providing or evaluating special (non-routine) contaminant 
identification (examples: Tentatively Identified Compounds (TICs), contaminant isomers, 
fingerprinting) 6) providing evaluations of non-EPA developed work plans, sampling and 
analysis plans, quality assurance project plans, and other documents. 

The following tasks may be performed, as detailed in technical directives submitted 
to the contractor by EPA. As all the resources provided by the EPA are site-specific cost 
recoverable, the EPA WAM or PO will identify the site and the specific characterization 
objectives. Based on the technical direction provided by EPA, the contractor shall submit a 
work plan and cost estimate within 5 business days of receipt of the technical direction. 

1. Develop and evaluate site-specific sampling and/or monitoring strategies: 
Each sampling/monitoring strategy may be unique to the individual 
characteristics of the site(s) and to the particular site objective for 
characterization or remediation objective(s). The recommendations and 
rationale of each strategy shall be thoroughly documented in the work plan 
or, if determined by the WAM, a Field Sampling Plan (FSP). Apply 
appropriate procedures to address site characterization requirements. This 
may involve contaminant or ground water modeling to determine the 
geographical boundaries of contaminants. 

2. Prepare Project Quality Assurance/Quality Control (QAIQC) Plan. The 
QAIQC criteria must be specific to each site's characteri7~tion requirements as 
identified by the WAM . (Definitions in Appendix A). 

3. Conduct field and laboratory contaminant measurement methods to 
identify contaminants, determine concentrations, and evaluate the 
applicability of remedial technologies. 

4. Conduct laboratory and onsite state-of-the-science measurement technologies 
that arc cost and time-effective. Test and evaluate the effectiveness of these 
technologies. Field measurement methods may include FPXRF, Geophysics, 
and selected analytical field methods. Laboratory analysis may include but 
are not limited to Volatile Organic Analysis (VOAs), semi-volatiles, 
inorganics, and radiochemistry. If necessary, the technical directive may 
identify the need for a quick-response for this task to meet time-critical 
monitoring and emergency response objectives. All logistics and timeframes 
for a quick response will be provided by the WAM in the technical directive. 

5. Evaluate reports, models, and work plans, sampling/monitoring protocols, and 
analytical protocols and approaches developed by other entities such as 
Potentially Responsible Parties, other federal agencies, or states. 

6. Provide technical support to EPA Regional Offices or the TSC Director at 
EPA meetings pertaining to the site and the deliverables generated through the 
technical directive. Technical support at meetings may include 
documentation, validity, and authenticity of data, innovative measurement 
technology usc and evaluation, analytical methods, and sampling or 
monitoring design approaches. 
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7. Prepare general technical papers and reports that provide state-of-the
science guidance in areas that impact site characterization and 
technologies utilized across waste programs. Prepare reports that 
document the application and performance of contaminant 
characterization technologies applied at waste sites in general. This shall 
include providing reliable and accurate infonnation pertaining to 
innovative site characterization and remediation technologies. 

8. Assist EPA Regional Offices in applying site characterization technologies at 
waste sites. This shall also include identifying and recommending appropriate 
technologies that can be tested. 

9. Unless otherwise determined to be impracticable by the WAM or SCTSC 
Director, all data shall adhere to the National Geospatial Data Policy (NGDP), 
which establishes principles, responsibilities, and requirements for collecting 
and managing geospatial data used by Federal environmental programs and 
projects within the jurisdiction of the U.S. Environmental Protection Agency 
(EPA). This Policy also establishes the requirement of collecting and 
managing geospatial metadata describing the Agency's geospatial assets to 
underscore EPA's commitment to data sharing, promoting secondary data use, 
and supporting the .t:Jational Spatial Data Infrastructure (NSDT). 

10. Review projects using "secondary geospatial data,'' (data that is a final output 
from another project or source) for Federal Geographic Data Committee 
(FGDC) compliance prior to using that data. 

Dcliverables: 

Deliverables that arc associated with this work assignment include: 

I. Monthly financial status and project progress reports to be submitted to 
ProJect Officer (PO) and Work Assignment Manager (W AM) no later than the 
lot day of each month. 

2. For technical direction involving field operations, prepare and submit site or 
quality assurance/quality management plans to the W AM and Regional 
Project Manager at least 5 working days prior to any field mobilization to the 
site. 

3. Prepare technical reports on evaluations and measurements, submitted to 
WAM for EPA review in a specified timeframe relative to each project under 
the work assignment. These products may be subject to EPA formal peer 
review procedures if determined by the WAM in the technical directive. 

4. Prepare brief summary reports/teclmical briefs to be submitted to W AM no 
later than I 0 working days after the conclusion of each evaluation or project 
in accordance with the deliverable schedule in the technical directive. 
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Deliverable schedules may change as determined by discussions between 
the WAM and the contractor Work Assignment Lead (WAL). Deliverable 
schedules for each project shall be agreed upon between both parties and be 
documented and placed in the project tile and submitted to the PO. Any 
change in project scope must be done through an amendment submitted to 
the Contracting Officer (CO). 
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I. PERIOD OF PERFORMANCE 
The period of performance for the tasks detailed in this Statement of Work (SOW) shall end 12 
months from the award date of the contract. 

II. SUMMARY OF OBJECTIVES 
The perfonnance of a pressuri:led water system, specifically a rotating jet with a shroud, shall be 
evaluated for the removal of simulated Improvised Nuclear Device (IND) fallout particles from 
coarse concrete. This work is based on similar evaluations accomplished under the EPA's 
Technology Testing and Evaluation Program (TIEP), which has developed the test methods, 
protocols, Quality Assurance Project Plans (QAPP), and facilities applicable to this Statement of 
Work. It is anticipated that these previously developed products will be used or adapted to the 
greatest extent possible. Modifications in contamination methods and detection will be 
necessary because the contaminant is different (simulated fallout) than what was previously 
tested (CsCl). An additional requirement of this Work Assignment (WA) shall be for the 
contractor to develop simulated fallout upon consultation with the EPA Work Area Manager 
(WAM). 

The technology performance evaluations shall include the determination of the amount of any 
remaining contamination following application of the decontamination technologies. and shall 
evaluate specific parameters related to deployment of the technologies in an operational setting. 
EPA emergency responders will use this data to determine if pressurized water decontamination 
methods can remove IND fallout from urban surfaces. 

III. BACKGROUND 
Federal Emergency Management Agency (FEMA) is working to prepare for response and 
recovery to an IND. As a part of these preparations, it is partnering with other government 
agencies, including the U.S. Environmental Protection Agency (EPA), to perform scientific 
studies to inform response and recovery. One of these efforts is the assessment of gross 
decontamination of surfaces contaminated with IND fallout. The EPA was chosen to perform 
this work because it has the responsibility for clean-up after an IND. 

IV. TECHNICAL APPROACH 
The Contractor shall adapt existing test methods, protocols, and Quality Assurance Project Plans 
(QAPP) and shall demonstrate and quantify the performance of rotating jet technology, under 
realistic conditions, to one urban material (coarse concrete) contaminated with fallout simulant. 
The Contractor shall evaluate the performance of the rotating jet technology including: the 
decontamination factor (DF), time required to achieve that decontamination tactor, dit'ficulty of 
using the technology under realistic conditions, and an estimate of the costs (including disposal 
and secondary wastes estimates), constraints, and other factors such as quantity of waste 
generated, which would accompany application of the technol<>gy in an urban decontamination 
scenario. The Contractor shall also document other pertinent information relative to the 
technology application such as equipment required, mobility issues associated with equipment, 
decontamination of equipment, work crew sizes, and PPE that will affect the techriology• s 
effectiveness. 
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V.TASKS 
TASK 1: PREPARATION ANDAPPROVALOFTRE QAPPPLAN- COMPLETED 

IN BASE PERIOD 
The awardee shall comply with all requirements as delineated on the "Quality 
Assurance Planning Requirements Fonn (QARF)" included with this extramural 
action, see attachment #I and #2. The contractor shall prepare a QAPP in 
accordance with http://www.epa.gov/guality/qs-docslr5·final.pdfbased on the type of 
research that is being conducted. For guidance on preparing a research-specific 
QAPP, the preparer should refer to the project specific requirements provided in 
NHSRC's QMP. The QAPP must be approved by EPA prior to the start of any 
laboratory work. Additional information related to QA requirements can be found at 
www.epa.gov/quality. 

During development of the QAPP, vendor and stakeholder input shall be solicited and 
to the extent possible, the QAPP shall be based upon and consistent with the existing 
QAPP for similar tests. The QAPP shall include a rigorous demonstration of the final 
test methods and procedures to verify their efficacy. The draft QAPP will be 
reviewed by the EPA WAM and the EPA Quality Assurance Manager. The 
contractor shall respond to comments and submit the QAPP for final approval. to the 
EPA WAM and EPA Quality Assurance Manager. The QAPP, including any 
amendments, must be approved by the US EPA in writing (e.g., signature {)n the 
approval page) prior to the start of any work. 

TASK 2: GENERATION OF SIMULATED FALLOUT 
The contractor shall work with the EPA W AM to establish a suitable simulant for 
fallout. This simulant shall be tagged with a radionuclide to allow for detection of 
trace levels of this contaminant. The chemical composition of the fallout shall mimic 
that seen during surface detonation weapons testing, e.g. sand, and should be tagged 
with a radionuclide oxide (such as Cs). The contractor shall also develop a method to 
reproducibly(± 25%) deposit the contaminant on 6 by 6 inch coarse aggregate 
concrete coupons in horizontal orientation. 

The Contractor shall propose the method to be used to characterize the coupons, both 
before and after deposition of the contamination (at a minimum the characteristics, 
distribution, and amount of contamination), and after application of the 
decontamination technology. 

TASK 3: TECHNOLOGY TESTING- EXECUTION 
TASK 3.1 Test Sample Preparation 
The contractor shall obtain coarse aggregate concrete coupons used in previous EPA 
testing. These coupons shall be nominally 15 em x 15 em x 2.5 em. surface finish that 
is consistent across all the coupons and that is representative of that which would be 
typically found on the exterior of an urban structure (Type II Portland cement). 
Prior to contaminanlt application, the surface of the coupons wilJ be examined for 
obvious cracks or abnormalities and, if none are found. they will be cleaned with a 
soft nylon brush and deionized water and allowed to air dry for at least five days. 
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Task 3.2 Contamination of Test Coupons 
Test coupons (5) and positive control coupons {2) shall be contaminated with 
simulated fallout in the hori:z.ontal orientation. 

Task 3.3 Measurement of Cesium Activity on Fallout 
Activities on the positive control coupons and the test coupons shall be measured 
before and after decontamination with the rotating jet technology. The measured 
activities from the positive control coupons and the test coupons shall be used to 
calculate the decontamination factor. 

Task 3.4 Decontamination Technology Evaluation 
The contractor shall apply the rotating jet decontamination technology in the 
horizontal position. In addition to determining the decontamination factor, the 
Contractor shall evaluate time required to achieve that decontamination factor, 
difficulty of using the technology under realistic conditions, and an estimate of the 
costs (including disposal and secondary wastes estimates), constraints, and other 
factors such as quantity of waste generated, which wou1d accompany application of 
the technology in an urban decontamination scenario. The Contractor shall also 
document other pertinent information relative to the technology application such as 
equipment required, mobility issues associated with equipment, decontamination of 
equipment, work crew sizes, and PPE that will affect the technology's effectiveness. 
The Contractor shall operate the equipment/technology being tested according to the 
procedures (i.e., standard operating procedures, method, instructions. etc.) provided 
by the vendor and included in the approved QAPP. 

TASK4: DATASUMMARY 
The Contractor shall provide a summary of the data (data brief) plus raw data 
generated in Tasks 2 and 3. 
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VI. DELIVERABLE SCHEDULE 

1. On a monthly basis for the duration of the project, the contractor shall submit, in 
electronic format, progress reports summarizing technical progress, problems 
encountered, monthly and cumulative financial expenditures, and cost and 
schedule variance. 

2. Bi-weekly conference calls shall be established between the EPA WAM and the 
contractor project officer. During these conference calls the contractor shall 
report on progress made in the project and any technical issues encountered in 
implementation of the test plan. 

3. Within 30 working days of the issuance of this contract, Quality Assurance 
Project Plan (QAPP) shall be provided to the EPA, in both electronic format 
(Microsoft Word, and Adobe), for Task 1-3. The EPA TOPO will then coordinate 
peer and EPA QA review of the QAPPs. The contractor shall then address any 
comments resulting from these reviews within 30 days of receipt of the 
comments. The contra<:tor shall then provide a final copy of the QAPP both in 
electronic and hard copy for EPA Approval. Work covered in this contract shall 
not begin until the QAPP has been approved by the EPA Quality Assurance 
Manager. The QAPPs shall contain work plans detailing how the experiments 
will be run and include a timetable for tas:k completion. The awardee shall adhere 
to QA requirements as delineated in "Attachment #1 and 2" to this SOW. 

4. Transfer of project data (including raw data) shall occur at the conclusion of the 
work assignment. 

5. A draft data. briefing (including data and experimental conditions) shall be 
submitted within 8 weeks after the completion of the testing in Task l-4. 

VII. REPORTING REQUIREMENTS 

1. Data generated as a result of this effort shall be shared with the EPA W AM for 
internal EPA use. 

2. Laboratory data shall be transferred electronically to the EPA W AM after the 
conclusion of each task. 

3. The contractor shall not generate any EPA products but any EPA products (test 
plans and reports) using the data generated under this work assignment shall be 
subject to one internal EPA review and one ex.ternal review. 

4. The contractor will not generate any EPA products. Products using the data 
generated under this SOW shall conform to the requirements of EPA's Handbook 
for Preparing Office of Research and Development Reports (EPA/300/K-95/002). 
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Substantive portions of this handbook can be found at www.epa.gov/nhsrc under 
the policy and guidance tab. 

5. Prior to submission of the draft data brief, all of the data shall be given to the EPA 
W AM in electronic fonnat, specifically Microsoft Excel® spreadsheets. The data 
contained in these spreadsheets shall be presented and annotated so as to be 
readily understandable to a wi.de audience. 

6. Copies of any internal audit reports and responses shall be sent to the EPA W AM 
in a timely fashion. The WAM and EPA Quality Assurance Manager shall be 
immediately notified of any critical findings. 

7. The contractor shall document all data analyses including statistical models and 
related assumptions. 
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NHSRC QUALm ASSURANCE REQUIREMENTS FORM 
Attachment l to the Statement of Work 

I GENERAL :INf'ORMATION 

Title: 

Description: 

Projec;t ID; 

Status: 

Number Ammended: 

Evaluation of Pressurized Water Cleaning System for Removal of INO Contamination from 
Urban Surfaces 

The performance ot a pressurized water system, spedfically a rotating jet with a shroud, 
shall be evaluated for the removal of simulated Improvised Nudear Device (IND) fallout 
particles from coarse concrete. This work is based on similar evaluations accomplished 
under the EPA's Technology Testing and Evaluation Program (TTEP), which has developed 
the test methods, protocols, Quality Assurance Project Plans (QAPP), and facilities 
applicable to this Statement of Work. It ts anticipated that these previously developed 
products will be used or adapted to the greatest extent possible. Modifications in 
contamination methodG and detection will be necessary becaun the contaminant iG 
different (simulated fallout) than what was previously tested (CsCI). An additional 
requirement of til is Work Assignment (WA) shalt be for the contractor to develop simulated 
fallout upon consultation with the EPA Worl< Area Manager (WAM). 

DCMD 3.35 

Original 

QA Category: UI 

Action Type: Extramural 

P .. r Review Category: IV 

Security Classification: Unclassified 

Project Type: Sampling and Analysis; Method Development; Applied Research 

QAPP Status 1: Pending Revisions 

Vehicle Status: Existing Vehicle 

Vehicle Type: Vehicle Number: 

Work Assignment Number: 

Delivery/Task Order Number: 

Modification Number: 

Other: 

EP-C-10-001 

wAy\-1 
NA. 

NA 

NA 

If you are processing an lAG or CRADA, the responsibility ror QA must be negotiated within the agreement. The 
TLPs In consultation with the QAMs In the various organizations must agree on, and document, which organization will 
t<Jke the lead for QA,. the names of the QAM e~nd TLP from e11ch organiZotion, and the QA requirement$ that will be 
adhered to during the agreement. Include this Info in the IAG!CRADA package. 

II SCOPE OF WORK 

Yes Does the Statement of Work contain the appropriate QA language? 

The awardee shall comply with all requirements as delineated on the "Quality Assurance Planning Requirements 
Form (QARF)" included with this extramural action. The contractor shaiiJJrepare a QAPP In accordance with the 
R-2 and R-5 and/or the attachments provided with the SOW. The QAPP.must be approved prior to the start of 
any work. Additional Information related to QA requirements can be found at 
http://www.epa.gov/quality/qs-docs/rS-flnal.pdf 

Yes Doe-s this extramural action involve the collection, generation, use, and/or reporting of environmental data; the 
design, construction, and operation of environmental technologies; or development of software, models, or 
methods? 
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(If "No" then skip to Section IV, and sign the form.) 

No Will the SOW or any subseauent work assignments or task orders Involve any cross-organizational efforts 
within EPA? 

Yes Has a QAPP already been approved for the acttvttles specified in the SOW? 

Provide the title, date or revision number, and date of QA approval: 

Test/QA Plan for 
The Performance of Selected Radiological Decontamination Processes on Urban Substrates, 
March 2009 

Doos the Q.APP require any revision by the contractor"'* 

Yes requires amendment by the contractor 

No Is an applicable QAPP 10 the process of being prepared, revised, or approved by EPA personnel tor future use 
by the contractor? (QA approval must be obtained before the contractor can start work.) 

n The term "contractor" applies loosely here. such Jhat as applicable, this term can also mean "awardee". 
"cooperawr" and/or "grantee". Likewise, the term "contract" includes "agreements" and other vehicles. ? 

III QA DOCUMENTATION OPTIONS 

All documentation specified under "Other" must be defined in the NHSRC Quality Management Plan and be consistent 
with requirements defined in EPA Manual 5360 A1. For all items checked below, there must be adequate information in 
the SOW {or its appendices) for the offeror to develop this documentation. Where applicable, reference a specific 
section of the SOW. (R-2 refers to EPA ReqUirements foe Duality Management Plans (QA/8·2> (EPA/24018·01/002, 
03120/01) and R·S refers to EPA Requirements for Quaflt:y Assurance Prq,tect Plans tONR·S> (EPA/240/8•011003, 
03/20101). Copies of these documents are available at f1tm.:LL~.iL.!l!2Ylauality(f;za JJM£_fl~ ) 

After Award Documentation 

R2 Documentation of an organization's Quality System. QMP developed In accordance with: 

R2and RS 

RS 

Documentation developed 
pre-award 

IV SIGNATURE BLOCK 

Combined documentation of an organization'$ Quality Sy$tem and application of QA and 
QC to the single project covered by l:he contract: Developed in accordance with: 

Documentation of the application of QA and QC activities to applicable project(s). 
Developed in accordance with: 

Programmatic QA Project Plan with supplements for each specific project, developed In 
accordance with: 

Existing documentation of the application of QA and QCactivities will be used: 

The signatures below verity that the Statement of Work (SOW) has been reviewed to ascertain the necessary QA ;md 
QC activities required to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
COR will ensure that the quality requirements Indicated on the previous pages of this form are incorpora~ Into all 
associated SOWs. (Sign/date below, obtain a concurrence signature from the QA Staff, and submit the form along 
with the other e)(tramural action documentation.) 

S -/\ ~ "i1rm6r¥~VuAIYi61>. _, 
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Emily Snyder 
NHSRC·DCMD Technical Lead Person 

Off/S<r/ 01'0\0 
O&,IU{i9t8 

Date 
Eletha Roberts 

NHSRC·DCMD QA Staff Member 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from Appendix B of the NHSRC QMP) 

ji,CU;IiiGliQ • 
Date 

An applied research project is a study to demonstrate the performance of technologies under defined conditions. These studies are often pilot· 
or field-scale. The following requirements should be addressed as applicable. 

SECTION 0.0, APPROVAL BY PROJECT PARTICIPANTS 

The EPA T echnlcal Lead Person (TLP) shall be responsible for obtaining signatures of appropliate project perticfpants on the signature 
page of tile QA plan, documenting agreement to project objectlves and the approach for evaluating these objectives. 

A distlibuti'on list shall be provided to facilitate the distlibutlon of the most recent current version of the QAPP to all the principa I project 
pal1ldpants. 

SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 

1. 1 The purpose of study shall be clearly stated. 

1.2 The process, site, facility, and/or environmental system to be tested shall be described. 

1.3 Project objectives shall be clearly stated and identi11ed as primary or non-primary. 

SECTION 2.0, PROJECT ORGANIZATION 

2.1 Key points of contact for each organization Involved In the project shall be Identified. 

2.2 · All QA Managers and their relationship In the organizations (i.e., location within each organization) shall be identified with 
evidene& that the QA Manager is independent of project management. 

2.3 Responsibilities of all other project participants and their relationship to other project participants shall be identified, meaning that 
organizations responsible for planning, coordination, sample collection, sample custody, measurements (I.e., analytical, physical, and process), 
data reduction, data validation, and report preparation sha II be clearly identified. 

SECTION 3.0, EXPERIMENTAL APPROACH 

3. 1 The general approach and the test conditiOns for each experimental phase shall be provkled. The statistical methods that will be 
used to evaluate the data (i.e., ANOVA, or summary statistics) should be Identified. 

(NOTE: As deemed appropriate to the project bV the TLP, the information requested in Sections 3.2, 3.3, and 3.4 may be presenttld here or in 
Section 4; the information requested in Sections 3.5 may be presented here or in Section 5: and tha information requested In Sections 3.5 may 
be presented here or In Section 7.) 

3.2 The sampling strategy shall be included and evidence must be presented to demonstrate that the sttategy Is appropliate for 
meeting primary project objectives, i.e., a deSCription of the statistical method or scientific rationale used to select sample sites and number of 
samples lih~.tll ~ provided. 

3.3 Sampling/monitoring points for all measurements (I.e., inclUding locations and access points) shall be Identified. 

3.4 The frequency of sampling/monitoring events, as wen as the numbers for each sample type and/or location shall be providecl, 
Including QC end reserve samples. 

3.5 All measurements (I.e., enalylieal (ehemicell, mk:roblological, 8SS8Y1J), ph)'&ical, and process) shall be ldentlfled for each omple 
type or process, and project-specific target analytes. shall be listed and classified es critical or noncrltlcal in the QAPP. 

3.6 The planned approach (slatisUcal and/or non-statistical) for evaluating project objectives shaH be Included. 

SECTION 4.0, SAMPLING PROCEDURES 

4.1 Whenever applicable. the method used to establish steady-s1ate conditions shall be desetlbed. 

4.2 Known site_speciflc factors that may affect sampling/monitoring procedures shall be described. 

4.3 Any site preparation needed prior to sampling/monitoring shall be dlescribed. 
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4,4 • liach nmpftnglmonitoring proce-dure to bG used shoH bG dhleU~Hd or rof-nced. If compo~l\ltlng or splltti"9 samplos, those 
procedures shall be described. 

4.5 FOf sample$ requiring a split sample for either QAIQC purpose$ or fOf shipment to a different laboratory, the QAPP shailldentlfy 
who is responsible for splitting samples, and wl\>ere the splitting is perfOfmed (e.g., field versus lab). 

4.6 If sampllngfmonitoring equipment is used to collect critical measurement da1a (i.e., used to calcolet1t the final concentratton of a 
critical parameter), the OAPP shall describe how tha sampling &quipment I• eaNbfated, tha frvqueney at which it Is e&llbfaCed, and the 
acceptance criteria for callbratton or calibration verification, as appropriate. 

4. 7 It sampllng/monrtorlng equipment is used to collect critical measurement d&'ta. the QAPP shall describe how cross-contamination 
betWeen samples Is avoided. 

4.8 The QAPP shall include a discussion of the procedures to be used to assure that representative samples are collected. 

4.9 A list of sample quantkies to be collected, and the sample amount required for each analysis, including QC sample analysis, shall 
be speclfled. 

4.10 Containers used for sample collection, transport, and storage for each sample type shall be described. 

4.11 Describe how samples are uniquely identified. 

4.12 Sample preservation methods (e.g., refri~ration, acidification, etc.), including sp(!Ciflc reagents, equipment, and supplies 
required for sample preservation shall be described. 

4. 13 Holding time requirements shall be not-ed. 

4.14 Procedures for packing and shipping samples shall be described. 

4.15 Procedures to maintain chain_ of_ custody (e.g., custody seals, records) during transfer from the field to the laboratory, In the 
laboratory, and among contractors and subcontractors shall be described to ensure that sample !integrity is maintained. 

4.16 Sample archival requirements for each relevant organization shalf be provided. 

SECTION 5.0, TESTlNG AND MEASUREMENT PROTOCOLS 

5.1 Each measurement method to be used shaH be described In detail or referenced. Modiflcations to EPA_approved or similarly 
validated methods shall be specified. 

5.2 For unproven methods, veriflcaUon data applicable to expected matrices shall be included In the QAPP meaning the QAPP shall 
provide evidence that the proposed method is capable of achieving the desired perf()rmance. 

5.3 For measurements which require a calibrated system. the QAPP shall include specifiC callbretlon procedures applicable to each 
project target analyte, and the procedures for verifying both initial and continuing calibrations (including frequency and acceptance criteria, and 
corrective actions to be performed If acceptance criteria are not met). 

SECTION 6.0, QAJQC CHECKS 

6.1 At a minimum, the aAPP shall include quantitative acceptance criteria for QA objectiVeS associated With accuracy, precision, 
detection limitS, and completeness for critical measurements (process, physical, and analytical, as applicable) fOf nch matrix. 

6.2 Any additionat project-speciflc QA objectives shall be presented, including acceptance criteria. This includes items such as mass 
balance requirements. 

6.3 The specific procedures used to assess au idlentifled QA obJectives shall be fully described. 

6.4 The QAPP shall list and define all other QC checks and/or procedures (e.g., blanks, surrogates, cootrols. etc.) used for the 
project, both field and laboratory. 

6.5 For eaCh specified OC check or procedure, reQuired frequencies, assoolated acce!llance critefia, and corrective actions to be 
performed if acceptance criteria are not met shall be included. 

SECTION 7,0, OATA REPORTING, DATA REDUCTION, AND DATA VALIDATION 

7.1 The reporting requirements !e.g., units, reporting method [wet or dry)) for each measurement and matrix slhall be identified. 

7.2 The dellverables expected from each organization responsible for field and laboratory activities shall be listed. 

7.3 Data reductton procedures specific to the project, and also speciflc to each organization, shall be summarlized. 

7.4 Data validation procedures specific to each organization used to ensure the reporting of accurata preject data. to internal and 
external cli-ents shaH be summarized. 
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7.5 Data storage requirements for each organlzatlon shall be provided. 

· 7.6 The produ<:t doctJment that wtU be prepared tor the project shell be specified (e.g., journal article, final report, etc.). The contents 
of this document can be referenced to a NHSRC or proorem-speciflc QMP. ~appropriate. 

SECTION 8.0, ASSESSMENTS 

8.1 The QAPP shall identify allsd'ledUied al.l(lits (le .. bOth technical system auditS [TSAs} and performance evall.llttlon$ [PEs)) to be 
performed, who will perform these audits, and who will receive the audit reports. 

8.2 The QAPP shall provide procedures that are to be followed that will ensure that necessary corrective actions will be performed. 

8.3 The responsible party(-ies) for Implementing COO'edive actions shaD be Identified. 

SECTION 9.0, REFERENCES 

References shall be provided either in the body of the text as footnotes or in a separate section. 

QAPP REQUIREMENTS FOR SAMPLING AND ANALYSIS PROJECTS 
(from Appendix 8 of the NHSRC QMP) 

A sampling and analysis activity or project is typically defined as a study perfonned to generate data to either monitor parameters on a routine 
basis or to characterize a particular population for later studies. The following requirements should be addressed as applicable. 

SECTION 1.0, PROJECT DESCRIPTION AND ORGANIZATION 

1. 1 The purpose of the study shall be clearly stated in the sampling and ana lysis plan (SAP). 

1.2 Responsiblfttiee and points of conta.ct for each organization shall be identified in the SAP. This should InclUde ldentlfi<:atlon of key 
personnel and/or organization(&) responsible for sample collection and custody, analytical and/or process measurements, data reductlon, report 
prepara lion, and quality assurai'ICe. 

SECTION 2.0, SAMPLING 

2.1 Sampling points for all measurements (i.e., analytlcal, phyalcel, end process, Including locations end access points) shall be 
identified in the SAP whenever possible. If the specific locations cannot be identified at the time of plan generation, discuss the documentatlofl 
and/or communication mechanlsm(s) for ensuring adequate information is captured to later Identify sampling points. 

2.2 The anticipated sampling frequency (e.g., how many sampling events and how often events occur) and number of sample types 
(e.g., metals, vocs, SVOCs, etc.) taken at each event shall be provided. 

2.3 The expocted measurements (i.e., specific anelytea) planned for eech sample type shall be summarized. 

2.4 If applicable, known site_speclflc factors that may affect sampling procedures shall be described. 

2.5 If applicable, any site preparation (e.g., sampling device Installation, sampling port modificatlons) needed prior to sampling shall 
be described. 

2. 6 Each sampling procedure to be used ahall be diec:ua&ed or referenced. 

2. 7 If cornpositing or splitting of samples is plannAd. the applicable procedures shall be descrii:Md. 

2.8 A list of sample quantities to be collected, and the sample amount required for each analysis, including QC sample analysis, shall 
be specified. 
2. 9 Containers used for sample collection, transport, and storege for each sample type shall be described. 

2.10 Sample preservation methods (e.g., refrigeration, acldificatlon, etC:) shall be described. 

2. 11 Requirements for shipping samples shal be described. 

2. 12 Holding times requirements shall be noted. 

2.13 P10eedurea for trocking semple& In the laboratory and for maintaining chaln_of_cuslody When sample$ are Sl'llppecl Shan be 
described. COC procedures shall be described to ensure that sample integ·rity Is maintained (labeUng, seals, records). 

2. 14 Information to be recorded and maintained by freld personnel shall be discussed. 
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SECTION 3.0, TESTING AND MEASUREMENT PROTOCOLS 

3.1 Each analytical method to be used shall be referenced. This Includes EPA-approved and other validated nonstandard methods. 

3.2 If applicable, modifications to EPA_approved or other validated nonstandard methods shall 81$0 be descnbed. 

SECTION 4.0, QA/QC CHECKS 

4.1 The SAP shall list and define all ac checks and/or procedures used for the projec1. both field and laboratory as needed. 

4.2 For each specified ac check or procedure. required frequencies and acceptance Cfitetla snail be inclUded. 

SECTION 5.0, DATA REDUCTION AND REPORTING 

5.1 Data reduction procedures specifi<: to the project, and also specific to each organization, shall be summarized. 

5.2 The repOfling requirements (e.g., units, reporting meUlOd [e.g., wet or dry]) for eacn measurement and matrix shall be identified. 

SECTION 6.0, REPORTING REQUIREMENTS 

The deliverables expected from each organization responsible for field and/or analytical activities shall be described. 

OAPP REQUIREMENTS FOR METHOD DEVELOPMENT PROJECTS 
(from Appendix B of the NHSRC QMP) 

A method development project is typically needed in situatlorn; for which there exists no standard or known method, or when an existing method 
needs to be modified to meet a project-specific need. The foflowing requlremenls should be addressed as applicable. 

SECTION 1.0, BACKGROUND 

A description of the skuatlon that requires the generation of a new or modified method shaD be clearly stated. Why are we doing this? 

SECTION 2.0, SCOPE AND APPLICATION 

The scope and application of the method shall be clearly stated. Specifically. to wttat matrices, conditions, etc .. will this method apply for this 
projeC'I? What detection limits and/or practical quantitation limits are needed? How Is this method intended to be used In the future (e.g., 
research only, potential regulatory usage. etc.}? 

SECTION 3.0, PROJECT ORGAN IllATION 

Responsibilities or all project participants shall be identified, meaning that key personnel and their organizations shall be identifiad, aionq with 
tne designation of responsibilities tor planning, coordination, sample collection, measurements (I.e:, analytical, physical, and process), data 
reduction, data validation (Inde-pendent of data generation), data analysis, report preparation, and qualtty assurance. 

SECTION 4.0, EXPERIMENTAL APPROACH INCLUDING SAMPLING ANO ANALYTICAL SPECIFICATIONS 

4.1 A description of the test(s) to be conducted In order to SUPilOrt the development of the method shall be Included. All known or 
preesUJblished t~ CQrktitlons and variab!A shall be provided. 

4.2 All planned measurements (le., analyticallchemk:al, microbiological, assays. etc.), physical, and process) shaU be id&nllfled, and 
projeet-speclf~e target analytes shall be listed. 

4.3 Any known restrictionslspeclflcations for sampling (e.g., colle<:tlng soil samples from a sit-e or water samples from a pon. etc.) or 
subsampllng (e.g., mixing sample before taking subsample for analysis, etc.) shall be documented. Include specification$ for: type anti siZe of 
sample containers; amovnt or sample needed for preparetlon and analysis; preservation; holding timea; repl'e$t!ntativeneas; compOlJiting; ac 
samples; etc. 

4.4 The type of instrumentation that will be used and any required ln.strument conditions shall be documented. Include a discussion 
of calibration and caftbratlon verification Including frequency, acceptance criteria, and col'l'll<:!lve action te be taken If. ~eptance criteria are not 
met. 

SECTION 5.0, QA/QC CHECKS 

Any planned QC checks and criteria that must be met for the method to be considered successful shaU be specified. ac cheekS may include 
spikes, replicates, blanks, controlS, surrogates, etc. 

Note: For cM!ni<:al methods, quality cont~Ql proc:edures to determine the pre1:1$lon, 8¢CUrllcy, and method detection limit should be described. 

Page 6 of 9 



For mlcrobloiOQical methods, positive and negative control procedures should be described. 

SECTION 6.0, METHOD VERIFICATION 
The tests that wiD be used to verify the method's performance once It's been developed shall be specified. 

SECTION 7.0, REPORT 
The report for a successful method development project will be a method written in a format appropriate for the application e.g .. SW-846 for 
RCRA applicallons, Standard Methods for bacteria In drinking water, a SOP for a specifiC application (with supporting method performance data 
appended), etc. 

SECTION 8.0, REFERENCES 

References shall be provided either In the body of the text as footnotes or In a separate section. 

NHSRCQA 
To the Statement of Work 

Requirements/Definitions List 
EPAa Quality System Website: htm:itwww.tPf,goWqyiJ!tv 
EPA's Requirements and Guidance Documents: http://www.epa.gov/gyal!tvlqa dw.btml 
EPA's Quality System WebSite: http:/fWWW.epa,99v/gual!tvlgs.q®str5:ftna!.pdf 

Attachment# 2 

In 111000rdence wltfl EPA Order 5360.1 A2, oor\formance to ANSIIASQC E4 muet be demon&trated by $Ub>mitting the quality dooumentation 
described herein. All Quality documentation shall be submitted to the Government for review. The Government will review and return the 
quality documentation, with comments, and indicate approval or disapproval. If the quality documentation is not approved, it mu11t be revised 
to address all comments and shall be resubmitted to the Government for approval. Work involving environmental data collection, generation, 
use, or reporting shall not c:ommen<:e until the Government has approve the quality documentation. The Quality Assurance Project Plan 
{QAPP) shall be submitted to the Government atleaat thirty (30) days prior to the beginning of any environmental data gathering or 
generation activity in order to allow sufficient time for review and revisions to be completed. After the Government has approved the quality 
documentation, the Contractor shall also implement it a& written and approved by the Government. 

NHSRC'! QU!If!ltv Syt!ttm Speclflcat!oM fgr Extramyra! Actions-

Theae requirements typlcallv pertain to single proJect efforts. The five specifications are: 

(1) a description of the organlz:atlon'a Quality System {QS) and Information regarding how this QS is documented, 
communicated and Implemented; 

(2) an organizational chart showing the posltlon of the QA function; 
(3) dellneatiOfl ot the authority and rwponelbllitln of the QA function; 
(4) the background and .-perience of the QA personnel who will be asigned to the project; and 
(S) the organization's geneml approach for accomplishing the QA specifications In the SOW. 

NHSRC QA ReguirementsiDeflnitlons List 
Category Level Designations (determines the level of QA required): 

D 
D 
[1] 

D 

Category 1 Project. applicable to studiM performed to general& data used for enforcement activities, litigation, or research project 
Involving human subjects. The QAPP shall address all elements listed In "EPA Requirements for QA Project Plans, EPA QAJR-5. 

Category 11 Project • applicable to studies pel'fofmed to generate data used in support of the development of environmental 
regulations or standards. Tt\e QAPP shall a<ldreu all elements Uatad in "EPA Requirement• for QA Project Plan:a, EPA QAIR-5. 

Category Ill Project • applicable to projects Involving applied research or technology evaluations. The QAPP shall address the 
applicable sections of "EPA Requirements for QA Project Plans, EPA OAIR·5 as 01:.1t1ined In the NHSRC';s QMP: QAPP 
requirements for the specific project type (see below). 

Category IV Project. applicable to projects Involving basic research or preliminary data gathering actiVIties. The QAf'P shall 
sddr4m the applicable seGtions of 'EPA Requirements for QA Project Plal'IS, EPA QAIR-6 as outlined in the NHSRC's QMP 
QAPP requirements for the specific project tYPe (see below). ·· 

Project Types: 
These outlines ot NHSRC's QAPP Requirements tot various prcJect types, from Appendix B of the NHSRC QMP (except where 
othe.....me noted), are condensed from typically applicable sec:tlona of R.f (EPA Requlrementa for QA Project Plans) and are 
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lntondod to urvo ae a etartlng point wh9ft propariii'ISJ a QAPP. These lial$ and their format may not fit every research -nario and 
QAPP's must contonn to appl:lcable sections of fl(-5 in a way that fully describes the research plan and appropriate QA and QC measures to 
ei1$UI1t that the data are of adequate quality and quantity to fit their intended pufl)08&. 

~ 

0 
0 

0 
Q 

0 

0 

Applied Research Project· pertains 1o a study perfonned to gene-rate data to demonstrate the performance of accepted 
ptocesaes or technologies under defined conditions. Thfte studies are often pilot· or fleld-scale. The OAPP shall address all 
requirements listed In "QAPP Requirements for Applied Researoh Projecn· from Appendix B of the NHSRC QMP. 

Batie Research Project· pertains to a study performed to generate data used to evaluate unproven theories, processes. or 
technologies. These studies are often bench-scale. The QAPP shall address all requirements listed in 'QAPP Requirements for 
Basic Research Projects" from Appendix B of the NHSRC QMP. 

Ctetlgn, Construction, and/or Operation of Environmental TechnolOgy Project. pertains to environmental technology 
designed. cortstructed and/or operated by andlor for EPA. The OAPP shall address requirements in the ePA Quality System 
ciOcurne-nt•Guidance on Quality Assurance for Environmental Technology De81gn, Oonsti\IQtlon, and Operation" G-11, at 
btlp;IJwww.epa,goy/gualitv/Q~sx;!i[.g1 hflOJI·Q§,QSif. For adttitiona! lnformalicn, you may refer to Part C of "Specifications and 
Guidelines for Quality Systems fot Environmental Data Collection and Envlronmantal Technology," ANSIIASQC 84-1994. American 
S<lclety for Quality Control, Milwaukee, WI, January 1995. 

Geoepatlal Data Quality Aaauranc;e Projec;t • pertain& to data collection; data procesaing and analyals; and data validation of 
geospatlal applications. The QAPP shall address requirements ln the EPA Quality Sy&tem document "Guidance for Geospatial 
Data Quality Assuran~ Project Plans• G-5S at httr,./Ntww ep!!.gov/guality/QS:docs/gSO-flnal-05 pdf 

Method Development Project - pertains to situations where there Is no existing standard method, or a standard method needs to 
be aignifloantly modified for a apeclflo application. The QAPP shall e~ddroas all requirements liatod In 'QAPP R<equircmonts for 
Method Development Projects' from Appendix 6 of the NHSRC QMP. 

Model Development PI'Qjeot -Includes all types of mathematical models including statio, dynamic. deterministic, stochastic, 
mechanistic. empirical. etc. The OAPP shall address requirements 1 n the EPA Quality System document "Guidance for Quality 
Assurance Project Plans tor Modellnv* G-5M at http://Www.epa.gov/<guality/QS-doCl!fg5m-final.pdf. 

Samplling and AMtysls Project • pertains to the collection and analysis of samples with no objectives other than to provide 
characteriution or monitOI'ing infonnation. The QAPP shalt address all requirements listed In "QAPP Requirements for Sampling 
and Analysis Projects" from Appendix B of the NHSRC QMP. 

Secondary Data Project • pertains to environmental data collected from other sources, by or for EPA, that are used for purposes 
other than those originally intended. Sources may include: lit&reture, Industry surveys, compilations from computerized databases 
and Information ayatotm~, and computerized or mathemGitieal model$ of environmental prooesses. The QAPP shall address all 
requirements listed in "QAPP Requirements for Secondary Data Projects" from Appendix 8 of the NHSRC QMP. 

Soflwaf'e Development and Data Management Proje<Ot • pertains to software develop!Ment, softwa~hardware 
systems development. database design and maintenance, dat:a validation and verification systems. The QAPP shall address all 
requirements listed in "QAPP Requirements for Software Development Projects' from Appendix B of the NHSRC QMP. 

Definitions: 

Environmental Data· These are any me-asurement or information that describe environme-ntal processes. location. or conditions; eoologlcal 
or health effects directly from measurements. produced from software and models. and compiled from other sources such as data bases or 
the literature. For EPA, environmental data include lnfonnation collected directly from measurements, produced from software and models, 
and oompiled from other souroes such as data bases or literature. · 

Incremental Funding ~ Incremental funding Is partial funding, no new work. 

Quality Assurance (QA) • Quality assurance is a system of management activities to ensure that a proC8$S, Item. or service is of the type 
and quality needed by the customer. It deal$ with setting policy and running an administrative system of management controls that cover 
planning, implementation, and review of data collection activities and the use of data in decision making. Quality assurance is just one part of 
a quality system. 

Quality Assurance Project Plan (QAPP) - A QAPP Is a document that describes the necessary quality assurance, quality control, and other 
techn leal activities that must be implemented to ensure that the results of the work perfonned wlll satisfy the stated performance Cfneria. A 
QAPP documents project-spe:cific information. 

Quality Control (QC) • Quality control iS a technical function that Includes all the scientific precautions, such es calibrations and duplications, 
which are noedod to OC<lUife data of knOWII and adequate quality. 
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Quail" Management Plan (QMP)- A QMP is a document that describes an organizatlon'alprqgram's quality system in terms of the 
organiZational structure, policy a11d procedures. functional responsibilities of management and staff, llnet of authority, and required Interlaces 
for those planning, Implementing, documenting, and assessing all activities conducted. A QMP documents the overall organizatlsnlprogram. 
and is ptimari~ applicable to multi-year, multi-project efforts. An organization'slprogram's OMP shaft address all elements listed in the 
·Requirements for Quality Management Plans· in Appendix B of the NHSRC QMP. 

Quail" System • A Quality svstem Is the means by which an OlQanization manages its quality aspects In a systematic. organized manner and 
provides a framework for planning, Implementing, and assessing work performed by an organization and for carrying out required quality 
assurance and quality control activities. 

R-2. EPA Requirements for Quality Management Plans (EPA/240/B-01/002) March, 2001 http:/{www.epa.g2VIauall!y/QS-d9®fr2·fi~J~I.pgf, 

R-5. EPA Requirements for Quality Management Plans (EPA/24018-01/002) March, 2001 http;/Jwww.eoa.gQVmual!!viQS::4ocslr5-tinal,pg(. 

' SubStantive Change - SubStantive cn.ange Is any cnange in an activity that may alter !he quality of data being used, generated, or gathered. 

Technical Lead P$f'80tl (TLP)- This person is technically responsible for the project. For extramural contract work, the TLP Is typically the 
contractino officer's representative (COR). For Intramural work, the TLP is typically the PrincipallnvestigatOt. 

Abbreviations: 
COR Contracting Officer's Representative 

NHSRC National Homeland Security Research Center 

NRMRL National Risk Management Research Laboratory 

QAJO Ouality Assurance Identification 

QAPP Oualily Assurance Project Plan 

as Ouality System 

TLP Technical Lead Person 

Attachment #2 to the Statement of Wo.rk 
Revision 1. March 2006 
NHSRC 06102 
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I. TITLE 

Adsorption and Desorption of Chemical Warfare Agent~ on (Metal Impregnated) Activated 
Carbon 

II. PERIOD OF PERFORMANCE 

The period of perfonnance for the contract shall be from September 0 I, 20 l 0 until August 31 , 
2011. No costs shall occur against this work assignment prior to September 01. 2010. 

III. SUMMARY OF OBJECTIVES 

This work shall provide the dynamic adsorption capacity and breakthrough times of chemical 
wnrfnre agents (CWAs) onto commercially available (metEd impregnated) activated carbon beds. 
Currently NHSRC is systematically evaluating hot (humid) air for the decontamination of CW As 
such as Sarin (GB), thickened Soman (TGD), VX, and Sulfur Mustard (HD) on interior building 
materials. Such decontamination methods may result in CW A concentrations in the vapor phase 
at elevated humidity and temperature conditions. This scope of work shall cover the evaluation 
of (metal impregnated) activated carbon to capture CWAs in the presence of elevated humidity 
and temperature. Because of the presence of water vapor, the possibility of hydrolysis: of CWAs 
exists which shall be assessed through identification of CW A degradation products. The work 
shall also assess desorption characteristics to detennine the off-gassing of the CW A from the 
(metal impregnated) activated carbon. 

IV. RELEVANCE 

The known threat of a <;hemical agent release in a building or transportation hub is driving US 
EPA National Homeland Security Research Center (NHSRC) Decontamination and 
Consequence Management Division (DCMD) to develop a research program that evaluates 
potential decontamination strategies. The US EPA may be tasked to cleanup these agents after 
they are released in buildings. Knowledge on how effective many of the available fumigation 
technologies are against chemical agents is currently being obtained by DCMD for various 
fumigation methods such as (modified) hydrogen peroxide vapor, chlorine dioxide vapor, and 
hot (humid) air. In the latter case, the decontamination effort may result in (temporarily) 
elevated CW A vapor concentrations which must be captured before release t-o the outside air. It 
is expected that such capture will occur from air flows at elevated temperatures and humidity, 
both of which may affect the capability of a sorbent in the air filter system to capture the CW A 
(or CW A decontamination by-products). In this work, the breakthrough curves of (metal 
impregnated) activated carbon types will be investigated for a range of temperature and relative 
humidity (RH) conditions and two challenge concentrations. Results from this study can be used 
to assess the capability of activated carbon air filters in HV AC applications to capture the CW A 
under elevated relative humidity and temperature conditions. Hydrolysis of the CW A adSorbed 
onto the activated carbon in the presence of moisture may occur on the time scale of the 
adsorption process and the effluent following breakthrough wi11 therefore be analyzed for 
possible hydrolysis by-products. The measurement of desorption of the CW A from the activated 
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carbon will determine off-gassing characteristics when activated carbon air filters are removed 
from service. 

V. BACKGROUND 

Protecting human health and the environment from the release of hazardous materials is the 
mission of US EPA. NHSRC-DCMD has developed a systematic decontamination resoa.roh 
program to fulfill this mission. As part of this program, developmental and commercially 
available decontamination technologies for chemical agents are being systematically evaluated. 
Hot air has been assessed for the gaseous decontamination of sarin (GB), VX, sulfur mustard 
(HD), and thickened soman (TGD) as a less complicated alternative to e.g. (modified) hydrogen 
peroxide vapor or chlorine dioxide vapor. It is likely that the effluent during hot air fumigation 
will contain CW A (by-product) vapors well above the airborne exposure limit which therefore 
need to be captured before release of the CWA-loaded hot .air to the exterior. 

VI. SCOPE 

The overall objective of this work is to systematically evaluate the dynamic adsorptive capacity 
of (metal impregnated) activated carbon beds through measurement of the breakthrough curves 
as function of challenge concentration, temperature and air RH. These parameters shall be 
determined for the chemical warfare agents Sarin (GB) and Sulfur Mustard (HD). These two 
agents are selected based on their highly different water solubility as reflected in the Henry's 
constant KH, namely 3.4x10·5 and 5.7x10·7 atm·m3/mol, respectively (Singer et al.; Environ. Sci. 
Technol. 2005, 39, 3203-3214). The potential for hydrolysis by·products due to the presence of 
moisture and activate carbon will also be investigated. 

VII. TECHNICAL APPROACH 

The details for the overall technical approach can be found in Section VIII but the overall 
approach is for the contractor to develop a test method to measure breakthrough curves of GB 
and HD on (metal impregnated) activated carbon beds as function of challenge concentration, 
temperature and RH. 

Adsorption tests on activated carbon are generally perfonned with large bed diameters to 
maximize the amount of carbon in the bed while keep-ing the pressure drop across the bed as low 
ws possible and to minimize wall effects. Consequently, the adsorbed amount of a chemical onto 
the activated carbon becomes fairly large which is highly undesirable when working with CWAs. 
Therefore, an effort shall be made to reduce the amount of carbon while still avoiding 
experimental conditions that do not represent large scale activated carbon filter systems such as 
narrow carbon bed systems. Th.e ASTM Standard Guide for Gas-Phase Adsorption testing of. 
Activated Carbon (D 5160) recommends a tube diameter at least 12 times the diameter of the 
largest carbon particles present or 16 times the mean diam.eter. The contractor shall adhere to this 
recommendation in the design of the adsorption system. 
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VIII. TASKS 

TASK 1. SELECfiON OF THE ACTIVATED CARBON TYPES FOR EVALUATION 

The EPA W AM will specify up to three (metal impregnated) activated carbon types 
for evaluation at the time of the award of the contract. The contractor shall procure 
the activated carbon materials. 

TASK 2. PREPARATION OF TEST/QA PLAN 

The contractor shall comply with all requirements as delineated on the "Quality 
Assurance Planning Requirements Form (QARF)" included with this extran1ural 
action, see attachment #1 and #2. The contractor shall prepare a QAPP in 
accordance with http://www.epa.gov/quality/qs-docs/r5-final.pdf or based on the type 
of research that is being conducted. For guidance on preparing a rcscarch-sp«ific 

· QAPP, the preparer should refer to the project specific requirements provided in 
NHSRC's QMP. The QAPP must be approved prior to the start of any laboratory 
work. Additional information related to QA requirements can be found at 
www .cpa .gov /quality. 

This QAPP should be generic in that it will cover any activated carbon material 
chosen by the EPA W AM. It shall include a comprehensive work plan and a 
timetable tbr completion of the work. The QAPP shall be amended as needed to 
include any substantive modifications to the test plan that may be needed. In this plan 
the test matrices shall include variations in challenge concentration, temperature and 
RH of the activated carbon bed and air containing the CWA. The QAPP shall be 
submitted to the EPA WAM within 30 days of award of the work assignment and the 
plan shall be approved by the EPA QA officer prior to work with the activated 
carbon beds. 

TASK 3. METHOD DEVELOPMENT 1- VERIFICATION OF EQUILIBRIUM TIME BETWEEN 
ACTIVATED CARBON BED AND RELATIVE HUMIDITY CONDITION 

Activated carbon beds shall be allowed to achieve equilibrium with a specific relative 
humidity and temperature environment prior to loading of the carbon bed with the 
target CW A (under the same temperature and RH condition). The time to reach 
equilibrium is expected to be the longest (6-12 hours) for the highest RH and 
temperature conditions that shall be tested, namely SO% RH at 55 °C (see Table 1 
under Task 5). In this task, it shall be verified whether a fixed 24 hour time period to 
reach equilibrium is sufficient. To verify this, the contractor shall measure the time 
needed to reach equilibrium (e.g. through continuous measurement of the carbon bed 
weight) for this specific relative humidity and temperature (RH-T) condition prior to 
the start of Task 5. This equilibrium time shall be determined for all three activated 
carbon bed types. If equilibrium is reached after more than 24 hours. the contractor 
shall use this equilibrium time; otherwise the contractor shall use 24 hours for 
reaching equilibrium between the carbon bed and the RH-T condition. This 
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equilibrium time shall be applied to all RH-T and activated carbon bed combinations 

in preparation of the CW A adsorption test to ensure complete equilibrium. 

Before continuing to Task 5 ••systematic Evaluation of Carbon Bed Breakthrough 

Curves" the contractor shall report the equilibrium time and equilibrium adsorption 

capacity of water (cm3 g·1) for this RH-T condition per carbon bed type to the EPA 

WAM. 

TASK 4. METHOD DEVELOPMENT II-DESIGN OF TEST SYSTEM FOR MEASUREMENT OF 

ADSORPTION AND DESORPTION CHARACTERISTICS 

The contractor shall adhere to the ASTM Standard Guide for Gas-Phase Adsorption 

Testing of Activated Carbon, D 5160-95 (ASTM International; West Conshohocken, 

P A. 2003 ). The task includes the design of a temperature controlled test chamber that 

shall house two parallel activated carbon beds of equal (carbon) weight. It shall be 

constructed such that the temperature can be controlled between 25±2 and 55±2 °C. 

The test system shall include capabilities to deliver (humidified) air (downward) 

through the carbon bed with RH values up to 60±10% at 55 °C, and to deliver a 

constant vapor CWA (challenge) concentration in air. The flow rate through each bed 

shall be accurately monitored and shall be identical such that use of two activated 

carbon beds in parallel can be considered duplicates of the same air flow conditions 

and carbon bed temperature. The system shall either be capable to carry out Task 3 or 

shall be able to accept the RH- preconditioned carbon beds without significant 

disruption of the achieved water loading of the activated carbon or the adsorption test 

system in general. 

Adsorption tests shall be performed under Task 5 for an activated carbon bed depth of 

2.5 em. In order to minimize wall effects, the inner diameter oftbe beds shall be 

between 4.0 and 6.0 em (but the same for all adsorption tests) in order to hold approx. 

16·36 g carbon, depending on the density of the ~lJCCi:fic activated carbon type .. All 

carbon heds shall be prepared in identical manner to ensure equal bulk densities per 

activated carbon type. The cylindrical tube that holds the carbon bed shall be made of 

an inert material such as glass or anodized aluminum. 

The feed I challenge concentration level of the CW A vapor shall either be set to 

"high" (1500 mg!m3 for GD /600 mglm3 for HD) or "low" (150 mglm3 for both 

agents). These concentrations levels shall be verified at least prior to and after each 

adsorption test. Note that the presence of water vapor in some of the adsorption tests 

prevents the measurement of the bed weight (after breakthrough) to determine the 

adsorbed amount of CW A. The feed flow rate through each activated carbon bed 

shall be adjusted such that a flow velocity of 12.0 crnls is established. This flow 

velocity is typical for the flow velocity through a large scale activated carbon bed. A 

12.0 crnls flow velocity can be established by a -14 LPM flow rate through a 5 em 

inner diameter carbon bed (at 25 OC). Volume flow rates shall be adjusted for 
different temperatures to maintain the same nominal flow velocity through the carbon 

bed. 
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The combination of the "high" challenge concentration, flow rate, and use of dry air 
at 25 oc is ex,pected to result in breakthrough times for the GB and HD agent around 
3 and 9 hours, respectively. with longer breakthrough times up to 30 hours for the 
"low" challenge concentration under the same conditions. The contractor shall 
consult with the EPA W AM regarding proposed changes to the test conditions if 
constraints are in place that may prevent the prolonged testing times. 

Measurement of CW A concentrdtion before and after both carbon beds shall be 
accomplished using (near) real time monitoring technologies, e.g. available 
MINI CAMS that are set to detect the target CWA. MINICAMS are automatic, near 
real~time continuous air monitoring systems with high selectivity and sensitivity for 
various CW As. They can be operated such that they will notify the user when the 
effluent exceeds the U.S. Surgeon General's (8-hour) TWA exposure level for the 
specific CW A [as per specifications vendor; 
http://www.oico.com/defauh.aspx?id=product&productiD=75). 

Further, the test chamber shalt include sensors to 
• continuously monitor RH and T of the (CW A loaded) air flow before and after 

the carbon bed 
• continuously monitor temperature of carbon beds 
• continuously measure the pressure drop across the carbon beds 

Before continuing to Task 5 "Systematic Evaluation of Carbon Bed Breakthrough 
Curves" the contractor shall demonstrate a functional test chamber that meets the 
provided requirements. This shall be demonstrated through the transmittal to the EPA 
WAM of the real time temperature, RH, pressure drop results obtained during .a dry 
run (i.e. without CW A present) of the activated carbon adsorption system at the 
highest temperature an.d RH condition as shown in Table l under Task 5. Work on 
Task 5 shall not begin until the EPA WAM provides written approval (electronic is 
sufficient) of these dry run data. 

TASK 5. SYSTEMATIC EVALUATION OF CARBON BED BREAKTHROUGH CURVES AND 
DESORPTION CHARACTERISTICS 

This task involves the evaluation of the breakthrough curve and release curve for 3 
specific combinations of RH and temperature. The selected RH-T conditions are 
based on a combination of previously observed hot air decontamination field testing 
and a dry air, 25 c.c, reference-condition. The impact of elevated temperature and RH 
on the adsorptive characteristics of the carbon beds will be determined in comparison 
to the reference condition. 

For each air RH-T combination, the carbon bed shall be prepared under the same RH
T condition using the time to reach equilibrium as determined in Task 3. Adsorption 
starts at the first introduction of the CW A to the activated carbon bed. Th·e effluent 
shall be monitored continuously for breakthrough of the CWA. Following the 
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eventual breakthrough, the monitoring of the effluent CW A concentration shall be 
continued and recorded until the effluent concentration has increased by at least a 
factor 200 above the first observed concentration at breakthrough. At this point in 
time, the supply of CW A to the activated carbon bed shall come to an end while the 
RH-T air flow conditions remain the same as during the adsorption test. the 
subsequent desorpti<>n of the CW A from this activated carbon bed shall than be 
monitore~ until equilibrium in the CW A concentration has been reached ur until the 
concentration falls below the detection limit. 

Table I shows the RII-T combinations that shall be tested for three types of carbon 
beds (#1-3), two challenge levels, and both CWAs. The contractor shall have a total 
of 36 adsorption tests (assuming two beds in parallel) for the entire test matrix. A 
volume flow rate, corrected for temperature and relative humidity shall be established 
such that the feed velocity through the bed is 12.0±0.2 cmls. 

Once breakthrough has occurred under the 55 °C I SO% RH condition, part of the 
effluent from one of the two beds shall be sampled onto e.g. a sorbent tube~ for 
qualitative analysis of potential by-products using GCMS. This analysis shall be 
performed for all three activated carbon materials and only for the "low" challenge 
concentration, producing 6 samples for (full scan) GCMS analysis. 

Table 1: CWA adsorption test matrix with number ofbreakthrough curve studies per 
condition. 

OB Concentntion HD Concentration 

Carbon bed# Temperature (OC) RH(%) High, Low, High, Low, 
1500 150 600 150 

mgldacm mgldacm mgldecm rngldecm 

25 dry 2 2 2 2 

1 55 dry 2 2 2 2 

55 50 2 2u 2 2. 

25 dry 2 2 2 2 

2 55 csry 2 2 2 2 

55 50 2 2" 2 2. 

25 dry 2 2 2 2 

3 55 dry 2 2 2 2 
55 50 2 2. 2 2" 

.. Followmg breakthrough, the effluent of one of the beds shall be analy~d for CWA degradation 
products 

TASK 6. COMPLETION OF FINAL REPORT 
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The contractor shall draft a final report within 8 weeks of completing Ta."ik 5. The 
EPA W AM shall coordinate the peer review of the draft report and submit comments 
to the contractor for their response and products revision. The contractor shall 
respond to the comments from the peer reviewers and the EPA Quality Assurance 
officer within 3 weeks of receipt of the comments. 

IX. DELIVERABLE SCHEDULE 

1. On a monthly basis for the duration of the project, the contractor shall submit, in 
electronic format, progress reports summarizing technical progress, problems 
encountered, monthly and cumulative financial expenditures, and cost and 
schedule variance. 

2. Bi-weekly conference calls shall be established between the EPA WAM and the 
contractor work assignment leader. During these conference calls the contractor 
shall report on progress made in the project and any technical issues encountered 
in implementation of the test plan. 

3. Within 30 working days of the issuance of this contract, a Quality Assurance 
Project Plan (QAPP) shall be provided to the EPA, in electronic format 
(Microsoft Word 2007 and Adobe Acrobat), for Task 1-5. The EPAWAM will 
then coordinate peer and EPA QA review of the QAPP. The contractor shall then 
address any comments resulting from these reviews within 30 days of receipt of 
the comments. The contractor shall then provide a final electronic copy of the 
QAPP for EPA Approval. Work covered in this contract shall not begin until the 
QAPP has been approved by the EPA Quality Assurance Manager. The QAPP 
shall contain work plans detailing how the experiments will be run and include a 
timetable for task completion. The contractor shall adhere to QA requirements as 
delineated in "Attachment #1 and 2'' to this SOW. 

4. Transfer of project data (including raw data) shall occur at the conclusion of each 
experiment within each task. Detailed written summaries of experimental 
procedures and results will be provided to the W AM. These reports shall indicate 
the exact operational conditions (e.g. observed temperatures and relative 
humidities) and all measured CW A breakthrough curves. The subsequent 
experiments shall not begin until the EPA WAM has reviewed and approved the 
data from the current task. The W AM shall provide the approval or disapproval 
within one business day. 

5. A draft final technical report shall be submitted within 8 weeks after the 
completion of the testing in Task 3-5 for all carbon beds; thus only 1 draft report 
shall be submitted under this SOW. 

6. A single final technical report shall be submitted that incorporates revisions based 
on comments from the peer reviewers, quality assurance reviewer and the EPA 
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W AM. The final report is due within 30 calendar days after receipt of the 
comments, and will be in MS Word 2007 format. 

X. REPORTING REQUIREMENTS 

l. Data and reports generated as a result of this effort shall be shared with the EPA 
W AM· for internal EPA use. 

2. Laboratory data shall be transferred electronically to the EPA W AM after the 
conclusion of eaeh trial or series of tests. Raw data shall be included, specifically 
all operational conditions, observed relative humidity and temperature values, 
carbon bed weights and heights etc. 

3. Any EPA products (test plans and reports) generated from this contract shall be 
subject to one internal EPA review and one external review. The EPA WAM shall 
coordinate the peer review of the draft documents and submit comments to the 
contractor for their response and products revision. 

4. Products developed under this SOW must confonn to the requirements of EPA's 
Handbook for Preparing Office of Research and Development Reports 
(EPA/800/K-95/002). Substantive portions of this handbook can be found at 
http:· \\''''-~ill-'· gov~lll1srciguidam.:l.'.html 

5. Prior to submission of the draft report all of the data shall be given to the EPA 
WAM in electronic fonnat (specifically Microsoft Excel spreadsheets). The data 
on these spreadsheets should be straightforward and explanation of the results via 
comments shall be added if they are not straightforward. 

6. Copies of internal audit reports and responses will be sent to the EPA W AM in a 
timely fashion. The W AM and EPA Quality Assurance Manager should be 
immediately notified of any critical findings. 

7. The contractor shall document all data analysis including statistical models and 
related assumptions. 
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NHSRC QUALITY ASSURANCE ReQUIREMENT$ F'ORM 
A~chment 1 to the Statement of Work 

I GENERAL INFORMATION 

Tltle: Adsorption/desorption of CWAs on/from activated carbon and metal Impregnated activated 
carbon 

Dacrlptlon: oetem1inatlon of breakthrough times and adsorptive capacity for CWA of activated carbon 
as function of relative hunidlty and temperature 

Project IO: 

status: 

Number Ammendect: 

OCMO 3.45 

Original 

QA Cltegory: lli 

Action Type: Extramural 

Peer Review Category: III 

Security Classification: Unclassified 

Project Type: Applied Research 

QAPP Status 1: Not Delivered 

Vehicle Status: Existing Vehicle 

Vehicle Type: Vehicle Number: EP·C·l0-001 
Work Assignment Number: TBD 

Delivery/Task Order Number: N/A 
Mootrication Number: N/A 

other: 

lf you are processing an lAG or CRADA, the responsibility for QA must be negotiated within the agreement The 
TLPs In consultation with the QAMs in the various organizations must agree en, and document, which organization will 
take the lead for QA, the names of the QAM and TLP from each organization, and the QA requirements that will be 
adhered to during the agreement. Include this Info in the IAG/CRADA package. 

II SCOPE OF WORK 

Yes Does the Statement of Work contain the appropriate QA language? 

The awardee shall comply with all requirements as delineated on the "Quality Assurance Planning Requirements 
Form (QARF)" included with this extramural action. The contractor shall prepare a QAPP In accordance with the 
R-2 and R-5 and/or the attachments provided with the SOW. The QAPP must be approved prior to the start of 
any work. Additional Information related to QA requirements can be found at 
http://www.epa.govtquallty/q:s-docs/rS·final.pdf 

Yes Does this extramural action Involve the collection, generation, use, and/or reporting of environmental data; the 
design, construction, and operation of environmental technologies; or development of software, models, or 
methods? 
(If hNo" then skip to Section IV, and sign the form.) 

No Will the SOW or any subsequent work assignments or task orders involve any cross-organizational efforts 
within EPA? 

No Has a QAPP already been approved for the activities specified in the SOW? 
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No Is an applicable QAPP in the process of being prepared, revised, or approved by EPA personnel for future use 
by the contractor1 (QA approval must be obtained before the contractor can start work.) 

111 QA DOCUMENTATION OPTIONS 

All documentation specified under "Other" must be defined in the NHSRC Quality Management Plan and be consistent 
with requirements defined in EPA Manual 5360 Al. For all items checked below, there must be adequate information in 
the SOW (or its appendices) for the offeror to develop this documentation. Where applicable, reference a specific 
section of the SOW. (R-2 refers to EPA Requirements f'or Qua/tty Management Plans COA/@·21 (EIW24018·01.1002, 
03/20/01) and R·S refers to EPA Requirements for QualitvAssurance Pmfect ptaas CON.It·Sl (EPA/240/B-01/003, 
03/20!01), Copies of these documents are available at htto:I/Www.fi11la.rta'dqua{f.txfiUL QrJ.kl.htmL ) 

After Award Documentation 

R2 

R2 and RS 

RS 

Not Applicable 

lV SIGNATURE BLOCK 

Documentation of an organization's Quality System. QMP developed in acoordance with: 

Combined documentation of an organization's Quality S'fStem and appllcetion of QA and 
QC to the single project covered by the contract: Developed In accordance with: 

Documentation of the application of QA and QC activities to applicable project(s). 
Developed in accordance with: 

Programmatic QA Project Plan with supplements for each specific project, developed in 
accordance with: 

Existing documentation of the application of QA and QC activities will be used: 

The signatures below verify that the Statement of Work (SOW) has been reviewed to ascertain the necessary QA and 
QC activities required to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
COR will ensure that the quality requirements Indicated on the previous pages of this form are incorporated Into all 
associated SOWs. (Sign/date below, obtain a ccmcurrence signature from the QA Staff, and submit the form along 
with the other extr:. mural action documentation.) 

Lukas Oudejans 
NHSRC·OCMD Technical Lead Person - QA Staff Member Date 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from AppendiX B of the NHSRC QMP) 

An applied research project is a Sll.KI)' to demonstrate the performance of technologies under defined conditloAs. TheSe stUdies ere often pilOt· 
or fleld·scale. The following requirements should be addressed as applicable. 

SECTION 0.0, APPROVAL BY PR.OJECT PARTICIPANTS 

The EPA Technical Lead Pmon (TlP) shall be responsible for obtaining signatures of approprta" projeCt Pllrticipants on the signature 
page of the QA plan, dOCUmenting agreement to proJect objectives and the approach for evaluatt~ then objectives. 

A distribution list shaft be provided to facilitate the distribution of the most ~nt current version .of the OAPP to all the principal projeCt 
partlcipanta. 
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SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 
1.1 The purpoae of study shall be clearly stated. 

1.2 The process, site, facility, arKI/or environmental system to be tested shell be described. 

1.3 Project objectilfe& shall be cklarly stated and identified as primary or non-primary. 

SECTION 2.0, PROJECT ORGANIZATION 
2.1 Key pointe of contact for each organization involved In the project shaH be ldentlfled. 

2.2 An QA Managers and their relationship in the organizations (I.e., location within each organization) shall be Identified with 
evidence that the QA Manager Is independent of project management. 

2.3 Responsibilities of aU other project participants and their relationship to other project pmtlclpams shall be Identified, meaning that Ol'ganizetlons r&spoflslblo for planning, coordination, aample oollectlon, sample custody, measurements (I.e., analytical, physical, and processl. 
data reduction, data validation, and report preparation shall be clearly Identified. 

SECTION 3.0, EXPERIMENTAL APPROACH 
3.1 The genorul approach and the tnt conditlona for each ellperimenliil pm.se shall be provk!ed. The statiStical methOds that will be used to evaluate the data (i.e., ANOVA, or s:ummary statlstlcs) should be identified. 

(NOTE: As deemed appropriate to the project by the TLP, the information requested In Sections 3.2, 3.3, and 3.4 may be presented here or in 
Section 4; the Information requested In Sections 3.5 may be presented here or in Section 5: and the information requested in Sections 3.6 .may 
be presented llere or In Section 7.) 

3-.2 Tho sampling strategy shall be included and evidence musl be presented to demonstrate that the strategy is appropriate for 
meeting primary project objectiv-es, l~ .• a de-scription of the statistical method or scientific rationale used to select sample sites and number of 
s-ample$ shall be provided. 

3.3 Samplingfmonltoring points for all measurements (I.e., inclUding locations and access points) shall be Identified. 

3.4 The frequency of sampling/monitoring events, as welf as the numbers for each sample type andlor location shall be provided, including ac and reserve samples. 

3.5 . Aft measurements (le .• analytical [chemical, mlcrobiologk:al, assays], physical, and process) shell be identified for each sample 
type or process, and project-specifiC target analytes shall be fisted and classified as critical or noncritical In the OAPP. 

3.6 The planned approach (statistical and/or non-statistlcal) for evaluating project objecUves shall be Included. 

SECTION 4.0, SAMPLING PROCEDURES 

4.1 Whenever appftcable, the method used to establish steady-state conditions shall be described. 

4.2 Known sile_specific factors that may affect sampling/monitoring procedures shall be described. 

4.3 Any s~e preparation needed prior to sampling/monitoring shall be. described. 

4.4 Each sampllnglmonitorfng procedure to be used shaH be discussed or referenced. If composHing or splitting samples, those 
procedures shall be described. 

4.5 For samples requiring a split sample for either OA/QC purposes or for shipment to a different laboratory, the OAPP shall Identify who is respoflsible for splitting samples, and where the splitting 1$ performed (e.g., f~ekt versus lab). 

4. 6 If sampling/monitoring equipment is used to collect critical measurement data (le., used to calculate the final conoentrutlon Of a 
critical parameter), the QAPP shall describe how the sampling equipment Is calibrated, the frequency at which it Is calibrated, and the 
acceptance criteria for calibration or calibration verltlcatlon, as appropriate. 

4. 7 If samping/monitoring equipment is U$ed to collect critical measurement data, the QAPP shall describe how cross-contamination between samples is avoided. 

4.8 The OAPP shall incl~ a discussion of the procedures to be used to assure that representative sample& aro collected. 

4. 9 A list of sample quantltles to be collected, and the sample amount required for each analysis, including QC sample analysis, shall be specified. 

4. 10 ContalneJ& used for sample collection, trensport, and storage for each sample type shad be described. 

4. 11 Describe how samples are unlquely ldenllflll<'l. 
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4.12 Sample preservation m&tho<ls (e.g., refrigeration, acldifleatlon, etc.), induding specific reagents, equipment, .and supplies 
required for sample preservation shall be described. 

4.13 Holding time requirements shall be noted. 

4.14 Procedures tor packing and 5hipplng sample~~ shall be described!. 

4.15 Procedures to maintain chaln_of_custody (e.g., eustody seals, records) during transfer from the field to the laboratory, In the 
labOfatory, and among contractors and subcomractors shaD be described to eOlliure that sample Integrity Is maintained. 

4.16 Sample archival requirements for each relevant organization shall be provided. 

SECTION 5.0, TESTING AND MEASUREMENT PROTOCOLS 

5.1 Each measurement method to be used shaN be described in detail or referenced. ModHlcatlons to EPA_ approved or similarly 
valielated methOds shan be specified. 

6.2 For unproven methods, verification dllta applicable to expected matrices shall be included In the OAPP meaning the QAPP shall 
provide evidence that the proposed method is capable of achieving the desired performancxt. 

5.3 For meesurements which require a calibrated system, the OAPP shaH include specific calibration prOcedures applicable to each 
project target analyte, and the procedores for verifying both Initial and continuing calibrations (including frequency and acceptance criteria, and 
correctiVe aciiOns to be perfomned it acceptance cmerta are not met). 

$ECT~ON 6.0, QAIQC CHECKS 

6.1 At a minimum, the QAPP shalllnclt.tde qoantltatlve acceptance criteria for QA objectives associated with accuracy, precision, 
dateclioo firnlts, and completeness for critical measurements (process, physical, and analytlcal. as applicable) for each matrix. 

6.2 Any additional project-specific QA objectives shall be presented. including acceptance criteria. This ineiUdl!s !tf!mssuch as mass 
balance requirements. 

6.3 The specffic procedures used to assess all identified QA objectives shaH be fully described. 

6.4 The QAPP shall list ar1d define all other QC checks and/or procedures (e.g., blanks, surrogates, contraCt;, Ci!fc,) used for the 
project, bot"' field and laboratory. 

6.5 For each specified QC check or procedure, required freqoencies, associated acceptl!nce criteria, end corractlve actions to be 
performed if acceptance criteria are not met shall be Included. 

SECTION 7.0. DATA REPORTING, DATA REDUCTION, AND DATA VALIDATION 

7.1 The reporting requirements (e.g .• units, reporting method [wet or dry)) for each measurement and matrix shall be Identified. 

7.2 The deliverable$ expected from each organiZation responsible lor field and laboratory actiVIties shall be listed. 

7.3 Deta reduction procedures specifiie to the project, and otso specific to each organization, shaH be summarized. 

7.4 Data validation procedures specific to each organization used to ensure the reporting of accurate project data to Internal and 
external clients shall be summarized. 

7.5 Data storage reqolremems for each organiZation shall be provided. 

7.6 The product document that will be prepared for the project shoh be specified {e.g., joumol article, final report, etc.) .. The contents 
of this doeument can be referenced to a NHSRC or program-specific QMP. If appropriate. 

SECTION 8.0, ASSESSMENTS 

:8.1 The OAPP shall identify all scheduled elldlts (I.e., both technical 5Y$tem audit5 rrSAuJ and performance eveluatlons [PEs)) to be 
performed, who will perfoon these audits, and who will receive the audit reports. 

8.2 The QAPP shall provide procedures that are to be followed that wiQ ensure that necessary corrective .actions wHI be performed. 

8.3 The responsible party(·ies) for Implementing corrective actions shall be identified. 

SECTION·9.0, RE!FERENCeS 

References shaD be provided either itt the body of the text as fOOtnotes or It\ a ~parate section. 

Attachment# 2 

NHSRCQA 
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To the Statement of Work 
Requlrementa/O.flnltions List 

EPA& Quality System Website: hJpiilwJNw.tpa.goylguallti 
EPA'• Requirements and Guldii!We Dooumenta: httl!:lfwww.epa.govtqual!tWaa !I®~. tum I 
EPA's Quality System Website: tmp.:llwww.fPt.govlguaJitvlgs=dgrl:f!na!. pdf 

In accordance with EPA Order 5360.1 A2, conformance to ANSVASQC E4 must be demonstrated by submitting the quality documentation 
described hefein. All Quality documentation shall bt submitted to the Government for review. The GOII8mment will review and return the 
quality documentation, with comments. and indicate approval or diSapproval. If the quality documentation is not approved, it must be revised 
to addre1s all comments and shall be resubmitted to the Government for approval. Work inVC)Iving environmental data collection, generation. 
use, or reporting shalf not <:ontmence until the Government has approve the quality Cloc:u~tlon. The Quality Assurance Project Plan 
(QAPP) shall bt submitted to the Government at least thirty (30) days prior to the beginning of any environmental data gathering or 
gene11tion aetMty In order to allow sufficient time for review and revisions to be completed. After the Government has approved the quality 
documentatiOn, the COntractor shall also implement it as written and approved by the Government. 

NHSBC's Quality &utem Sp!!Gificatfioll! for Extramural Actjont-

These requirements typically pertain to single proj!!Gt efforts. The five specifications are: 

11) a dMcrlptk>n of the organization•• Quality System (QS) and Information regarding bow this QS is documented, 
communicated and Implemented; 

(2) an organizational chart ahowlng the position of the QA function; 
(3) detlneation of the authority and responsibilities of the QA function; 
(4) the background and G'Xf)erience of the QA personnel who will be aulgned to the Pf'Oject; and 
(6) the organization's general approach for accomplishing 11\e QA specifications 1 n the SOW. 

NHSRC QA ReaulrementstDefin!tions Ljst 
Category Level Designations (determines the level of QA required): 

D 
D 
~ 

D 

category I Projecl- applicable to studies performed to generate data used for enfnreement aetivitiM., litigation, or rese:areh project 
involving human subjects. The QAPP shall address all elements listed in 'fPA Requirements for QA Project Plans, EPA QA.'R-5. 

Categofy II Project· applicable to studies performed to generate data used in support of the development of enlllronmontal 
regulatioll! or standards. The QAPP shall address all elements listed in 'EPA Requirements for QA Project Plans, EPA QAIR-5. 

Category Ill Project· applicable to projects involving applied retean::h or technology evaluations. The QA;pp shall address tile 
applicable sections of "EPA Requirements for QA Project Plans, EPA QA/R-5 as outlined in the NH$RC's QMP: QAPP 
requirements for the specific project type (see below). 

Category IV Project • applicable to projects Involving basic relearch or preliminary data gathering activities. The QAPP shall 
eddrO$$ the applicable sections of "EPA F\equlrements for QA Project Plans, EPA OAIR-5 as outUned in the NHSRC'e QMP 
QAPP requirements fr>r the specific project type (see below). 

Project Type~: 
These outlines of NHSRC's QAPP Requirements for various project types, from Appendix B of the NHSRC QMP (except where 
otherwise notectl, are condensed from tyj)(cally applicable sections of R·511:PA ReqUirements for QA Projtct Plans) and are 
Intended to serve as a starting point when preparing a QAPP. These llats and their format may not fit every research scenario and 
QAPP's must >COnform to applleable ~ns of R-5 in a way th,at fully describea the research plan and appropriate QA and QC measure• to 
ensure that the data are of adequate quality and quantity to fit their intended purpose. 

~ 

D 
D 

Applied Research Project • pertains to a study performed to generate data to demonstrate the performance of ac;cepted 
processes or technologies under defined conditions. These studies are ofteA pilot· or field-scale. The QAPP shaillllddreas all 
requirements listed In "QAPP Requirements for Applied Research Projects• from Appendix B .of the NIHSRC QMP. 

Basic Research Project - pertains to a study performed to generate data used to evaluate unproven theories, precesNt, Of 
le<:hnologies. These studies are often bench-scale. The QAPP shall address all tequlrements listed in "QAPP Requirements for 
Basic Research Projects• from Apjlendix B of the NHSRC QMP. . . 

Design, Construction, andfor Operation of Environmental Technolooy Project. pertains to environmental technology 
designed, constructed and/or operated by and/or for EPA. The QAPP shaM address tequlrements In the EPA Quality System 
document "Guidance on Quality Assurance for Environmental Technology Design, COnstruction, and Operation' 0.11, at 
nttp:f!WWw.ua.gov/gullily!Q!\lb!loC§Lgl1·fl!lai::05,QgL FOf additional information, yOij may refer to Part C of "Specifications and 
GuldeUnes for Quality Systems for Environmental Data Collection and Environmental Technology,• ANSIIASQC E4-f994, American 
Sodety for Quality Control, Mllwaulleo, WI, January 1995. 
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D 
D 
D 
D 
D 

D 

Geospatlal Data Quality Assurance Project • pertains to data collection; data l)rocessing and analysis: and data validation of 
geospatlal applications. The QAPP sl\811 addreas requirements In the EPA Quality System document 'Guidance for Geospatial 
Data Quality Assurance Project Plans' G-5$ at b!tp;/~j!Da.ggy/quatlty/Q8-doca/g5s!·finai·O~ 
Method Development Project· pertains to situations where there Is no existing standard method, or a standard method nnds ~ 
be signifiCantly modified for a specific application. The QAPP shall address all requirements listed In 'OAPP Requirements for 
Method Development Projects" from Appendix B of the NHSRC QMP. 

Model Development Projeet • includes aft types of mathematical models Including static. dynamic. deterministic, stochastic. 
mechanistic, empirical, etc. The QAPP shall address requirements in the EPA Quality System document 'Guidance for Quality 
Assurance Project Plans for Modeling• G·5M at http:lfwww,epa.gov/gual!y/QS:doqllg,§m·final.odf, 

Sampling and Analysis Project • pertains to the collection and analysis of samples with no objectives other than to provide 
characterization or monitoring Information. The QAPP shall address an reQuirements Nsted in "QAPP Requirements for Sampling 
and Analysis Projects• from AppendiiC B of the NHSRC QMP. 

Secondary Data Project - pertains to environmental data collected from other souroes. by or for EPA. that are used for purposes 
other than thosa originally Intended. Sources may include: literature, industry surveys. compilations from computerized databases 
and information systems, and computerized or mathematical models of environmental processes. The QAPP shall addreas all 
requirements listed in "QAPP Requirements for Secondary Dab! Projects' from Appendix B of the NHSRC QMP. 

Software Development and Data Management Prof4M;t • pertains to software develol)ment, software/hardware 
systems deVelopment, databasa design and m&lnten•noe, data vaHdatlon end verification systems. lhe QAPI' shall address all 
re.quirements listed In "OAPP Requirements for Software Development Projects• from Appendix B of the NHSRC QMP. 

Definitions: 

'Environmental Data • These are any measurement or information that describe environmental processes, location, or conditions: ecological 
or health effects directly from moasuromont$, produced from software and models, and complied from other sources suoh at data baM$ or 
tile literature. For EPA, environmental data Include Information collected directly from measurement$, produced from software and moclel&, 
.and compiled from other sources such as data bases or litereture. 

Incremental Functlng • Incremental funaing is partial funding, no new worl(. 

Quality Asa.uranc:e (QA) • Quality assurance is a system of management activities tet ensure that a process, Item, or service is of the type 
and quality needed by the customer. It deals with setting policy and running an adminlstrati,. syiltem of management COI'I!rols that cover 
planning, implementation, and review of data collection activities and the use of data in decision making. Quality as.surance is just one part of 
a quatity system. 

Quality Assuranc:e Project Plan (QAPP) • A QAPP Is a document that describes the necessary quality assurance, qu11lity control, and other 
technical activities that must be implemented to ensure that the results of the work p~tformed will satisfy the stated perlormance <:rlteria .. A 
QAPP doeumenta projeot-speoifie Information. 

Quality Control (QC). Quality control is a technical function that Includes all the scientific precautions, such as calibrations and duplications, 
which are needed to acquire data of known and adequate quality. 

Quality Management Plan (QMP) - A QMP Is a document that des<:tibea an organization'alprogram'e quality system In terms of the 
organizational structure, policy and procedures, functional responsibilities of management and staff, lines of a.uthority, and required Interfaces 
for those planning. implementing. documenting, and assessing all activities conducted. A QMP documents the overall organ!l;atlon/program, 
a11d Is primarily appltcable to multi-year, multi-project efforts .. An organlzation'slprogram's QMP shall address all elements llaled in the 
'Requirements for Quality Management Plans• in Appendix B of the NHSRC QMP. 

Quality System - A qva lity system is tho means by which an organization menagClG ita quality aepoctsln a systematic, organize<! manner and 
provides a framework for planning, Implementing, and assessing work performed by an organization and for carrying out ,..quired quality 
assurance and quality control activilfes. 

R-2. EPA Requirements for Quality Management Plans (EPAI2401B.01/002) March, 2001 ~.tpt.gov/g!.!atityiQS=doS6/r2:flnai.!Kit 

R·5. ePA Requirements for Quality Management Plana (EI'W2401B-01/002) Maroh, 2001 rutR·IIwwyit(tpt.govlqyaJitviQS4os:plr1!-flnatQc!f. 
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Substantive Change· SubstantiVe change iS any change in an actiVity that may alter the quality of data btlng used. generated, or gathered. 

Technical lead Petsen (TLP)- This ~rson is technically responsible for the project. For e:ldramural contract work, the TLP is typically the 
contracting officer's representative (COR). For intramural work, the TLP is typically the Prlnelpallnvestigator. 

Abbrevlatlops: 
COR Contracting Officer's Representative 

NHSRC National Homeland Security Researdl Center 
NRMRL National Risk Management Research Laboratory 

QAIO Quality Assurance Identification 

QAPP Quality Assurance Project Pian 
as Quality System 

TLP Technical Lead Person 

Attachment #2 to the Statement of Work 
Rwision 1. March 2006 
NHSRC06/02 
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I. TITLE. 

STATEMENT OF WORK 
Contraet EP-C-10...001 

Evaluation of an Anthrax Decontamination Technology Based on Electrochemical 
Generation of Hypochlorous Acid 

ll. PERIOD OF PERFORMANCE 
The period ofperfonnance for the tasks detailed in this Statement of Work (SOW) 
shall be until August 31, 2011. 

III. SUMMARY OF OBJECTIVES 
This work will provide data on the operation and effectiveness of a technology that 
produces hypochlorous acid (HOC I) to inactivate B. anthracis spores on various types of 
materials. 

IV. RELEVANCE 
The results of these tests will provide the decontamination technology user and 
stakeholder with high quality, peer-reviewed data on the effectiveness of the technology 
to decontaminate various types of materials contaminated with B. anthracis spores and a 
surrogate. The study will provide data on the operation of the technology, and how 
parameters such as solution flow, brine concentration~ and power input affect the HOCI 
concentration in the solution. In turn, tests will show how HOCI concentration affects 
decontamination efficacy. This technology has been used by the military, and has the 
potential to be scaled up to produce large quantities of decontarninant relatively quickly .. 
This is relevant in the case of a wide area release of anthrax. The results ofthe work will 
he made available to the homeland security and emergency response community through 
published reports, journal papers, and/or conference presentations/proceedings. The 
information will also be used to develop guidance documents pertaining to specific 
threat agents and release scenarios. 

V. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting 
human health and the environment from accidental and intentional releases of haz.ardous 
and toxic materials. According to Homeland Security Presidential Directive 10 (HSPD-
1 0), the EPA is tasked with developing strategies, guidelines, and plans for 
decontamination of persons, equipment, and facilities following a biological weapons 
attack. In response to this directive, the EPA Office of Research and Development 
(ORD) National Homeland Security Research Center's (NHSR.C) Decontamination and 
Consequence Management Division (DCMD) is investigating methods and technologies 
for the inactivation of spores (e.g., Bacillus anthr:acis Ames) on materials/surfaces. This 
work will build on the decontamination studies that have already been conducted. 

VI. SCOPE 



The purpose of the study is twofold. First, the contractor shall investigate the operation 
of the generation technology and its effect on HOCl concentration and generation rate, 
with the aim of obtaining high enough concentrations of HOCI that will inactivate spores, 
but without substantial loss in generation capacity. The second purpose of the tests is to 
determine efficacy of the solutions produced. It is expected that the EcaFlow generator 
manufactured by Integrated Environmental Technologies Ltd. (lET) will be leased for the 
study. The HOCI solutions will be tested for decontamination efficacy oa differeat types 
of materials inoculated with B. anthracis spores. Sufficient replicates, blanks, and 
positive controls shall be used, consistent with standard microbiological and quality 
assurance procedures, past work conducted by the contractor, and studies being currently 
conducted by the contractor. 

VII. TECHNICAL APPROACH 
For each decontamination test, the effort shall include the recovery of viable agent from 
each material before (positive control) and after decontamination. Five replicates for 
each agent~material combination shall be included in each experiment. All experiments 
described below shall be approved by the EPA Work Assignment Manager (W AM) prior 
to commencement. Test and analytical methods shall be adopted from past or on-going 
efforts, in consultation with the W AM. 

VIII. TASKS 
The Contractor shall perform the following tasks: 

1. Prepare a new quality assurance/test plan (QATP) tor the experiments described 
in this SoW. Chemical analyses, microbiological procedures, test material 
coupons and measurement of temperature, relative humidity (RH), and other 
operational parameters shall be consistent with procedures used under previous 
projects with EPA. 

2. Lease the EcaFlowilP unit from lET and establish a vendor agreement oonsistent 
with the T~hnology Testing and Evaluation Program. Per a discussion with the 
vendor, the lease would be for $1000 per month. 

3. Conduct up to ten experiments to determine affect of decreasing EcaFlo flow rate, 
increasing power input, and/or increasing salt concentration for the purpose of 
increasing the HOCI and free available chlorin.e (PAC) level of the decontaminant 
solutions produced. Measurement of pH, HOCI, and F AC for each solution 
produced shall be conducted; measurement methods for these parameters shall be 
selected during the development of the QA TP, in conswtation with the W AM and 
the technology vendor. 

4. As there is some concern that HOCI concentration in the decontaminant S:olution 
will diminish over time, the concentration of HOCl, F AC, and pH for each 
solution produced in Task 3 shall be measured immediately after it is produced, 
and then two more times after that, at one to two hours between each test. 
Details for these tests will be ironed out during the writing of the QA TP. 



S. Conduct experiments to quantitatively determine the effectiveness (log reduction) 
of inadivating JJ. anthracis (Ames strain) and JJ .• vubtili.s spores using Ecatlo 
decontaminant solutions. Tests shall be conducted with the Ecaf'low solutions at 
two- three different HOCI concentrations. Selection ofthe HOCllevels to use 
for testing shall be selected based on the results of tests conducted under Task 3, 
in conjunction with the W AM. The decontaminant shall be applied to coupon 
materials by spraying (e.g., using a small hand held spray bottle). For both B. 
subtilis and B. anthracis spores, six tests shall be conducted on six materials using 
various combinations of HOCI concentration, application rate, and contact time in 
order to optimize decontamination efficacy. The materials and initial test 
conditions will be determined by the W AM at the time of writing the QA TP; the 
materials are expected to be used in previous work assignments with the 
contractor. 

6. Forth~ tests conducted in Task 5, the HOCl and F AC level, and pH of the test 
solutions shall be measured immediately prior to decontamination testing. 

7. Tests shall include a sufficient nwnber of replicates, positive controls, and blanks 
-consistent with previous projects. Finally, a qualitative assessment of the 
impacts this technology has on the coupon materials (such as structural damage, 
surface degradation, discoloration, odor, and other aesthetical impacts) shall be 
noted for each test. 

8. Prepare a test report (a draft for W AM review and approval; a revised draft for 
peer and QA review; and a final) which shall include th.e test conditions, methods, 
quality assuran<:e, and results of the tests conducted per the requirements of this 
SOW. The report shall also include a description of the decontamination 
technology tested, in terms of their operational features pertinent to the potential 
user. The report shall conform to the requirements of EPA's Handbook for 
Preparing Office of Research and Development Reports (EP A/800/K-95/002). 
Substantive portions of this handbook can be found at www.epa.gov/nhsrc under 
lhe policy and guidance tab. 

IX. QUALITY ASSURANCE 
The awardee shalt comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action; see 
attachment #1 and #2. The contractor shall prepare a QAPP in accordance with 
http:/lwww.epa.gov/qualitx/gs-docs/r5-final.pdf or based on the type of research that is 
being conducted. For guidance on preparing a research-specific QAPP, the preparer 
should refer to the project specific requirements provided in NHSRC's QMP. The QAPP 
shall be approved prior to the start of any laboratory work. Additional information 
related to QA requirements can be found at www.ena.gov/guality. 



X. DELIVERABLE SCHEDULE 
1. Transfer of project data shall occur via electronic mail at the conclusion of each 

test. These data shall include~ where appropriatet EcaFlo power input, flow rate, 
brine concentration; HOCI and FAC levels, temperature, RH, pH, and viable 
organism counts for test and control coupons. 

Task Begin date Completion Date 
Task 1 QATP As soon as possible 1 month after award 
Task 3 and 4 experiments Completion of Task 1 1 ~ 2 months after start 

QATP of exoeriments 
Task 5, 6 Completion of Task 3 3 - 5 months after start 

and 4 experiments of Task 5 
Task 8 - final report As soon as possible August 31, 2010 (for 

final report) 
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STATEMENT OF WORK 

HAND HELD TOXIC INDUSTRIAL CHEMlCAL DETECTOR TESTING AND 
EVALUATION 

I. PERIOD OF PERFORMANCE ~w~v-
The period of performance for this Work Assignment (WA) shall be from 1teobe~ 1, 2010 
through August 31, 20 ll. 

II. Pll RPOSE 
The purpose of this work assignment is to test and evaluate np to five (5} commercially availahle 
hand-held multi·fUnction detectors. These monitors shall have a volatile organic compound 
(VOC) function and .an oxygen sensor incorporated into their design. Additional toxic industrial 
chemicals (TICs) of Interest are spelled out in a later sl:Cliou. Th~ pt:rfvnnanc.: ~,;haracteristic~ to 
be evaluated include the ability to detect and identify target chemicals under both ideal and 
realistic operating conditions. The response time, response threshold. accuracy, 
recovery time, temperature and humidity effects. interference effects, and battery life of the 
instruments will be assessed. Operational factors such as cold/hot start behavior, cost, ease of 
ul!c, and data output capnbilily will also be evaluated. 

HI. BACKGROUND 
A critical component of J:::PA 's homeland security mission is enhancing the capability of 
emergency responders to detect and measure toxic industrial chemicals and other compounds in 
the air and on surfaces. Detection and measurement technologies are necessary to support 
emergency responders during responses to intentional or accidental relea..:;e of chemical1; in 
indoor or outdoor environments. The polential users of these technologies typically only have 
acce:s:; lo vendor-supplied data and infonna1ion when making a purchase or deployment decision. 
The users need unbiased, nigh-quality. objective, third·party data and infonnation to ensure that 
the tools they purchase can truly meet their performance objectives and, most importantly, be 
protective of human health and the environment. Therefore, the purpose of this work assignment 
is to identify, te!lt, evaluate, and repon on the performance of tec.lmologiel:i that can be used in 
support of the above-mentioned needs. 

IV. TECHNICAL APPROACH 
The Contractor shall adapt any e'tis1ing test methods, protocols, and Quality As!;urance Projtct 
Plans (QAPP) and shall demonstrate and quantify the performance of the selected handheld VOC 
/02/I'lC instruments. The response time, recovery time, accuracy, and repeatability will be 
evaluated by challenging the instruments with known vapor concentrations of target chemicals 
and compounds. Similar tests conducted over a range of temperatures and r~lAtlve humhlhy 
(RH) will be used to establish the effe<:ts of these factors on instrument capabilities. The effects 
of potential intc:tfc:rences in an emergency situation will be assessed, by sampling those 
interferences both with and without the target TICs present. Testing the instruments after a cold 
start (i.e., without the usual wann-up period) and after hot storage will evaluate the delay time 
before r<:adings can be obtained, and the response speed and accuracy of the instruments once 
readings are obtained. Tf possible, readings of a target TJCs will be obtained with each · 



instrument operated on AC power, and subsequently on battery power, to assess any differences. 
Battery life will he determined a-; the time until instrument performance degrades as 1->attery 
p<>wer is exhausted, in continuous operation. Operational factors such as ease of use, data output. 
and cost will be assessed by observations ofthe test personnel and through inquiries to the 
1echnology vendors. 

Performance Parameters 

The key performance parameters to be evaluated in this technology evaluation shall be: 

• Re::~pon!!~ aml Recovery Time 
• Response Threshold (Detection Limit) 
• Repeatability and Accuracy 
• Effect of Operating Conditions (Temperature and Humidity) 
• Cold/Hol Start Behavior 
• Interference Effects 
• Battery Life 
• EaseofUse 

AU of thes<: performance parameters will be evaluated with 'fiCs as the target analytcs. Tho 
operational characrcristics of the unila will be rccordcd. These operational characteristics 
include: ease of use, signal/data output, and cost of the units. 

Resoonse and Reeo\lery Time 

At 22°C and 500,{, R.H, the unit~ will he expo~ed to clean, humidified air for 5- I 0 minute~ while 
a stable baseline concentration is established. At time=O the desired chemical will be introduced 
to the exposure chamber. The detector response and the time to alarm will be recorded. At that 
point, clean air will be introduced to the chall~n~t: manifold and the det~tor will be aiii>Wed a 
maximum of I 0 minutes to return to non-alann status (zero baseline level}. The time for the 
detector to return to non~alarm status will be recorded as its recovery 1ime. This cha!leng.c/clean 
air cycle l\hall be repeated for a total of five challenges. 

Detector accuracy determinations will be made by comparing detector output to the reference 
concentration. This will be a comparison either witt• a reference method or by comparing the 
detector output to the calculated concentration of the chemical delivered from a c-ertified, assayed 
source gas through NIST"traceable calibrated flow controllers and flow meters. 

Re<~pgnse Threshold (Detection Limit) 
The instrument's response threshold is defined as the approximate concentration (hat causes the 
instrument to indicate a response above the baseline reading obtained when sampling clean air at 
a given set of test conditions. The response thrcsholci for instrumenls that provide an Atu:Hble or 
visual alo.rm will be that minimum concentration required causing the audiblil or visual alarm to 
activate. The: response thre:shold is being uscsscd to determine whether the instruments have 
adequate sensitivity. Subsequently, th~ dt:tectors will be challen~~d with an lOLH I~ vel of a TIC 
at various environmental conditions (temperature and relative humidity) defined below. 
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The det~tors will he challenged At successively lower (or higher) agent concentrations at 22~JC 
and SOOA1 RH in order to identifY the lowest concentration at which the detectors will respond. 
The starting point for each detector will be determined by using the lowest of the following 
values: lht PEL, l.h~: lllllllUftsclun~c·~ SWl(:U uetection limit, or where t1tt:re i~ no ::.tat~:u limil, 0. I 
times the lDLH for the chemical of interest. If no response is observed after five minutes Qt this 
level, the agent concentration Will be increased by a factor of two and the detector will repeat the 
exposure cycle. This method will continue until a response is observed or until IDLH is 
exceeded. Tf an alarm is not reached at or below the IDLH. the concentration will be increaored 
until an alarm occurs or until the vapor generation system has reached its generation limit. 
Conversely, if a response is observed within five minutes on the first exposure cycle, the D. gent 
concentr~fon will be decreased by a factor or two until I) the d~;:tector can no longer dett.::ct and. 
identify the chemical, or 2) until the vapor generation system can no longer hold a stable 
concentration at such low levels. Once the minimum challenge concentration that elicits a signal 
has been identified. this concentta1ion shall be eonsidered as the instrument,s response threshold. 

Repgtablllty and A<:euracy 

Repeatability is defined as the consistency of !he instmment's indicated response to a cons(ant 
vapor challenge concentration. Accuracy is defined as the degree of agreement between the 
chemical concentration indicated by the instrument and that measured by a rcf<:rence method or 
known chemical concentration. The repeatability and accuracy of the units shall be determined 
as part ofthis work assignment. 

Effect nfOperating Conditigps ITemoeratyre agd Humidity) 
The eff~t that the temperature and relative humidity (RH) have on the instruments shall be 
evaluated. In all cases, the instrument undergoing testing shllll be maintained at the same 
temperature tcs the challenge air Stl'ean:\, The challenge air stream also shall be maintained at the 
specified RH. 

The effect of temperature and humidity shall be evaluated at: 
Condition A: 5:!:3°C and 50:1:5% RH 
Condition B: 22±3°C and 52001b RH 
Condition C: 22::1:3°C and 50::1:5% RH 
Condition D: 22:1:3°C and 80::1:5% RH 
Condition E: 3S:I:3°C and 50:1:5% RH 
Condition F: 35±30C and 80:1:5% RH 

Cold/Hot Start Behavior 

Each detector will have its start-up delay time determined during the Response & Reco'Very 
experiment set. Each detector will be stored at room temperature (22°C} for at least 12 boW'S 
prior to conducting this experiment. The detector will be powered up and readied for a 
challenge. The elapsed time from power-up to "ready" will be recorded. The detector will be 
powered down for 15 minutes and the process repe11ted four more times. 

The detector will be placed into an envirorunental chamber held between 5 and 8°C and allowed 
to sit ovemight. The startup delay time will be measured as described in the previous paragraph. 
This test will be conducted once per day for a total of five (S) days and may occur in parallel 
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while testing with a different instrument. The detector will then be placed into an environmental 
chamber held at 40 ± J<>C and allowed to sit overnight. The startup delay time will be measured 
a.<> described in the previous paragraph. This test will be conducted once per day for a total of 
fivt: (5) days and may oc~ur in parallel while testing with a different detector. 

The challenge TIC will he chosen based on discussions with the WAM. 

Interference Eff~ts 

The insuurnents shall be tested with the following interefcrents; Paint fumes, ammonia deancr. 
air freshener, and N,N-Diethylaminoethanol (DEAE). lnterferenrs will be introduced into the air 
stream employing the same basic protocols that are used for the TICs. Gas and diesel exhaust 
shall also be used. Other interferants may be added based on discussions between the Contractor 
and WAM. 

The impact of interferences on the instmment re!lponse will he a.~-.es.'led hy compari~;on of 
response with a potential interfcrent present to that .in the absence of interferent, under the same 
test condidons. All response readings with the intcrfcrcnt present must be the same as those 
without the interferent present, or an intt:rfc:rent eiTecl will be inferred. For cxampl<~, three 
positive a.nd. two negative responses in the presence of the interferent will be judged as different 
from two positive and three negative responses in the absence of the interferenl indications. 

'lhe interference data will be evaluated in two ways. Data fTom the tests with intcrfcrcnt present 
nlone will be used to assess false positive readings,. i.e., comparison of readings with intmereot 
iUJd clean air will assess whether the instrument provides a positive indication of a TlC or agent 
due to the presence of an interferent. Data from the tests with both intcrferent and a TYC or agent 
will be used to assess false negatives. i.e., the absence of a response to the TIC or agent when the 
interferent is present. A reduced or enhanced response to the TIC or agent when the interfercm 
is present, relative to the response Without the interferent. will be taken as indication of a partial 
masking or interference in the inl\trument re!>ponse. 

Batten L'fe 
PonabJe hand held jnstrumems arc banery operated and Lhus performance is uepcudt:nt un proper 
pertonnance of the batteries. Battery life is defined as the amount of time the instrument can 
operate on fully charged or new batteries. A one-time test wili be conducted to detcnninc how 
long the respective instruments run on a single. full charge or one set of new, disposable 
batteries. This time shall be presented as the battery life. The test shall measun: one TIC 
throughout testing the battery life cycle. The TIC that will be measured will be chosen based on 
discussions betwcc::n the work: assigmnent lead BOd the W AM. The measurement of the 11C shall 
occur at 30 minute intervals until the life of the banery has been eKhausted. The response from 
the detector unit will be recorded and the detector will then be allowed to sample 30 minutes of 
clean, humidified air followed by measurement of the same TIC. It is anticipated that·this test 
will not take more than 12 hours. 

Eatc: of Use 
Key operational characteristics of the instruments shall be cvalua:tcd by means of the 
observations of test operators. and by Inquiry to the manufacturers. Ease of use will be assessed 
by operator observations, with particular attention to the conditions of use by first responders. 
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For example, the use ofPPE (e.g., gloves., respirator) may make it difficult to tum the instrument 
on or off. operate it, or read the display. These factors will be assessed by outfitting an operator 
with such PPE, and noting any difficulties in operating the instrwnent. This assessment will be 
done separately from any Cesl of the other pcrfonnance parameters with TIC~. The mode of data 
output, and cost will be ~~SSCssed by observations of the test personnel and through inquiries to 
the technulugy manufacturers. 

V.TASKS 
The detectors shall b<: tested for the foil owing compounds and chemicals: 

1) VOCs 
2) Oxygen 
3) Hydrogen Sulfide (ll;tS) 
4) Sulfur Dioxide (S01) 
5) Ammonia (NH3) 
6) Chlorine (Clz) 
7) Phosphine (PH3) 
8) Hydrogen Cyanide (HCN) 

The BattelLe Work Assignment Leader shall work w.ith the \V AM to determine a suitable VOC 
compound ur compounds to use in testing the VOC channel. 

The work that shall be performed is broken down into the following tasks. 

T .1\SI< 1: Determine: Potentlal Candidates for Testine and Obtain the lmtrumen ts 
Several instruments have been identified hy the Contractor's Officer Representative (COR) as 
potentinl candidates for testing. These instruments include: 

I) MSA Sirius 
2) Drneger XAM 5000 
3) RAE Systems Multi Rae+ 
4) Sperian Pl-106 
5) Industrial Scientific lBRID MX6 
6) Honeywell Analytics Impact Pro 

The Work Assignment Lead (WAL) at Battelle shall work with the COR in identifyint~ other 
potential candidates for testing. It is anticipated that the total number of instruments tested will 
not exceed six. 

The contractor shall purchase the instruments that will be used for testi11g. The.<;e instmments 
shall be returned to the COR after completion of testing unless there is a safety requirement 
which requires the: io:;trwnems to be decontaminated, resulting in destruction of the instnunent. 

TASK 2: Prtparattoo and Approval ofthe Quality Auuraoce Project Plan (QAPP') 
The Contractor shall prepare a QAPP in accordance with http://www.epa.gov/quality/qs·docs/r5-
fiMI.pdfb1lsed on the type of research that is being conducted. The contractor shall comply with 
aJI requirements as delineated on the "Quality Assurance PlanninQ Requirements Form (QARF)" 
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included with this contract package (see Attachment #1 to the SOW) and the NHSRC QA 
requirement as defined in Attaclunent #2 10 rhe SOW. For guidan<'.e on preparing a research" 
spcciii.c QAPP, the preparer should refer to the project specific requirements provided in 
NHSRC's QMP. The draft QAPP will be reviewed by the EPA COR and the EPA Quality 
Assurance Manager. The contractor shall respond to comments and submit the QAPP for final 
approval to the EPA COR and EPA Quality Assurance Managet. The QAPP. including any 
amendments, must be approved by the U.S. EPA in v.riting (e.g., signature on the approval page) 
prior to the start of any work. Additional information related to QA requirements can be found 
at: twp://www.epa.gnv/qualitylgs-docs/r).final.ndf. 

TASK 3: Techn.o!ogy Testing and Evaluation 
The Contractor shall follow the procedures described in the 1est/QA plan. 1\s necessary, the 
Contractor shall operate the instntment being tested according 1.0 the procedures (i.e., standard 
operating procedures, method, instnlctions, etc.) provided by the instrument manufac·turer and 
included in the test/QA plan. The testing may involve the following as appropriate for tbe 
selected technolo8)' category: 

L lnterferent Characterization. Tho type and nurnbcr of interferents to be tested 
shall b~: fin~£Ji:Ged with cQm;w-rence of the WAM. fnterf~rent uen~:nstion, ana.lyllis,' 
and characteri7..ation methods shall be identified in the nnal test/QA plan. 

2. Toxic Industrial Chemical (TIC) Testing. As many as eight compounds shaJI be 
tested. The 5 to 10 interferents shall be tested at a single challenge concentration 
and environmental condition in the presence of the TIC. The TIC concentration 
shall vary as specified in the test plan. The final determination of which TICs (O 

include in the tes\ shall be made with input of the W AM. 

TASK4: Data Analysis and Summary Report 
The contractor shall <:om pile and evaluate the results of the test. The data shall be compiled into 
a data report and into an electronic fonlUlt. The data set shall be compiled in a fully dacmnented 
electronic fonnat. The data shaH be evaluated accordinG to the procedures described in the 
test/QA plan. 

Vl. OEUVERABLE SCHEDlJLE 

1. On a monthly basis for the duration ofthe project. the contractor shall submit. in electronic' 
fonnat, progres.o; reports summarizing technical progress, problems encountered, monthly and 
eumula.tive financinl expenditures, and cost and schedule variance .. 

2. Bi-weekly conference calls shall be established between lhe EPA WAM and the contractor 
W AL. During these conference calls the W AL shall report on progress made in the project and 
any technical issues encountered in implementation of the test plan. 

3. Within 30 days of the issuance of this work assignment, the instruments list for testing shall 
be: finali~. 11nd a purchase request for these in.strwnents shall be submitted. 
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3. Within 60 days of the ijlsuance afthis work assignment, the draft Quality Assurance Project 
Pl1111. (QAPP) shall be submitted to the EPA, in electronic format (Microsoft Word). The EPA 
WAM will then coordinate p<::er and EPA QA review of the QAPP. The contractor shall then 
address any comm~nts re:sulting from these reviews within 30 days of re<;eipl of the comments. 
The contractor shall then provide a final copy of the QAPP both in electronic and hard copy for 
EPA Approval. Work ~overed in tbis contract shall not begin until the QAPP has been approved 
by lhe EPA Quality Assurance Manager. The QAPPs shall contain work plans detaiHng how the 
eKperimentc; will be run and include a timetable for task completion. The awardee shall adhere 
to QA requirements as delineated in "Attachment #1 and?." to this SOW. 

4. Within 60 days of the end of testing t~ instruments a draft copy of the rcpons of 
performance of the instruments shall be submitted to the EPA WAM. The EPA WAM will then 
coordinate peer and EPA QA review of the reports. The contractor shall then address any 
comments resulting from these reviews within 30 days of receipt of the commen1s. 

s. The final reports shall be submitted to the EPA WAM within 30 days of receiving comments 
on the draft report. 

VU. REPORTING REQUIREMENTS 
• All products, e.g .• QAPP. technical reports, genemted under this WA shall be peer reviewed 

by at least one external (non-EPA) and at least one internal (EPA) reviewer. The WAM 
will coordinate the peer review of the draft documents and submit comments to I be 
Contractor for product revision and comment response. 

• All dala :shall b~ transferred to th.e WAM in electronic forma1, in MS Excel worksheets, 
before the submission of the draft. summary report. The worksheets shall be adequately 
commented to ensure that the data presented is clearly identifiable. 

• Transfer of project data shall occur at the conclusion of the testing. This data incJudes 
reports ofth~ cnnditians (e.g., concentration.'!, temperature. relative humidity, etc.) and all 
measured variables (e.g., contamination levels). 

• All products developed under lhis SOW (e.g.t the above mentioned technical report) shall 
conform €0 tbe !'eCluiremems of EPA's Handbook for Preparing Office of Research and 
Development Reports (EPN800/K-95/002). Substantive ponions of this handbook can be 
found at www.epa.gov/nhsrc under the policy and guidance lab. 
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NHSW.C QUAUTY ASSURANC:l R£QIJIRI!MENTS FORM 
AtrnchfTI(!rtt 1 rn thrt Statement of Work 

X GEN£AAI. lNFORMoi'TlON 

Tille: 

DC$Crlptlon: 

Hand Held Toxic Industrial Chemical Oetector Testing and evaluation 

Te:;tlng ond Evalvotton or Hand Held Detector$ 

Projftt JD: 10 l.'il 

StatUS I Original 

Number Ammol'ldGdl 

QA Category: Ill 

Action Tvee: t:xtramvrat 

Pwr Review ~ory; Ill 

Security Cli15Sificatlon: Unclassified 

Project Tyee: Apf'llled Rf!~l!rCh 

QAPP Status 11 Not oeuvereo 

Vehicle Status: Existing Vehicle 

VehkktTYpe: Vehicle Numb!:r: 

Work Asslqnment Numtler: 

Delivery{Tallk Order Number: 

Modification Number: 

Otner: 

EP·C·10..001 

1-10 

n/a 

nta 
(1/l! 

If yov are processing al'llAG or CRAOA, the res;ponstiJillty ror QA mvstt>e negottarerJ w1tn1n the agreemenr. The 
TJ..Ps In r:onsvl14tf!lrr wfth lhlir QAHa In the varlQII$ orgtmir.~Jtlon$ m1.m 5gre¢ on, tft'ld doc-umtmt, whh;h orgllfnl1:i!ltion will 
takeo the lead for QA, the niJmes of the QAf-1 and n.P frMJ l!llt:h iltgllttt'tiflrton, 11nd thP. QA rt!Qu/n~mtMts that wilt be 
<1dhered to during rhe aqmment. lncfrlde tllis Jn(Q In the IAG/CRA()A f)iKI<age. 

II SCOPE OF WORJC 

ve~.~ Does tnt! Stt~temP.nt of Work contain the appropriate QA language? 

The <1w111rdee shall comply with all requirements as delineeted on the •Quality Assurance Planning Requirements 
Form (QARr)• lodu<tecJ with this ~xtrarourill<n:llun. The o:>ntrll~tur slloll peeP!If~" QAPP In oa;or'Clllm:e with the 
~·2ond fi.-S onrJto~ tl\c ott.acllmenu provided with the SOW, The Q/I.PP must be approve<! prior to th11 start or 
env work. Adrlitt<'lnal Information related t:o QA rt!QUil'(!ment$ ceo be found at 
http://www.epa.gov/quality/qs-doa/rS·flnal.pdf 

ves Does thl$ extr<~muml aa:ion Involve the collection, gener!l)tiorl, u:Je, and/or reporting of enYironrnental da~; the 
design, construction, at'ld operation of envlronmenbll t(l(hnologie;;; or development or software, models, or 
methods? 
(If "'lo~ then skip to ~c:tloll N. and sign the form.) 

No Will the SOW or any subSeQuent work uslgnments or ~:<~sk onlers Involve any cross·organiratlonal etrorts 
wlthln EPA? 

N/ A Kn 11 QAI>P alreiid\1 been approved tor the octlvit:les sueclfied in tne SOW? 

N/A Is an applicable QAPP In the process of being prepared, revised, or apprQV'f!d by ePA personnel for tuture 1.1se 

Paoe 1 of? 



by tne conttoctor? (QA approval must be -ol:leatned IHifora the calltl'actor can .C.Jt vrork.) 

Not AppiM:able 

IV Sl'GNATURC lfL.O!fK 

Combined dO<:UitlelltcltiOn or"" oroanltiatlon's QualttV system en-s t~ppllcotlon of QA e'ICI 
Qc:: m me Jlroglc proJe« CIO'olllrecJ by lhlll ~: oeveropoec~ tn aa::oruant.~~ w~th: 

Documentation 01 the IIPPIIcattOII ot QA M'ICI QC <K.If¥1t~oe:t to copplicoble pnojcc:t(s). 
Ot:Nc;:lopt:d In ~once wttl\1 

ProgrammeU!: QA ProJIICt .,..,, with 5\lpplem&l"ltll for etrc:h ~fie pmject. ciiiYeiOI)t!d on 
~with: 

Rai'\'IOr\4! Sharmea 
tfHSI:tC·IO QA Stal't Member 

QAPP REQUIREMENTS fOR APPLIED RESEARCH PROJECTS 
(fr'Qm Appendix 8 of llle NHSRC QMP) 

091231:1.01 D 
Dale 

M appled toSefl(l:ll projeCt Is e aiuily 10 &;ltlnOnSirtto lhli perf!.lfmanco at ~C<nnologles IPUar dollned ~btl$ ThetiiO Gludlr::o ant ott an piOI.. 
or llelcHclle. ll'MI toflaM1g rvqulr(OIIWIIII!Jehoukl bo a~ &Ill appilc8blot. 

5EC'I10N 0.0. APPAOVAI. GY PROJI!cY PNmCIPAHTS 
The EPA T~ Lead ~(TlP) ttlllll bet~ fbr obl41nlng 'lllgl!iwros ol ~ pcofaa J)lnldplll'lls an the tlgnalvre 

pageGIU18CAp1an.IICCIIIIIenllllg~IIO~~Itllllhu~I'QirOYI'll\IGIIIIQIIIHilolllectlw"'-

A clhtl'lbutiOn fist $hGll be ~10 faCIIII&tB th:a~lon of !.lie"*" ~ cumml ~Of 11'19 QAI'P 1:0 al ll'llt potnc:lpal p-ole~:! 



paltit:lpanrs. 

SECTION 1.0, PROJeCT DESCRIPTION AND OBJECTIVES 

1.1 Thu J)Uil)OGO or &tucfv wn bo c!Niiytu~tud. 

1.2 The process. site, fadlity,andlor eiMmnmental $)'$leml0 be tested shell be de$Ctlbed. 

1. 3 Pr<ljecl oblee1l~~et shall bl! cte-arty Stated and ld\NIIlliod as prlm:aJY or ~mary. 

SECTION 2.0, PROJECT ORGANIZATION 

2.1 Key polt>ts of eonl!ICI fol ~~~ Ot'QIII'Ilzatlon lnVQive<lln the I)I'Oject ~ be kJenMed. 

2.2 All QA Mal'\lllfiiK'I!I and lhDJr l'elllllloMhll)ln !he OflltmlmtlotY.I (J.c:o .. locollon within eeeh orgonlutlon) nn be ldenliiloc:f will'l 
evidence !hal thll Qi\ MaoaQel' Is lndeper~lfen\ or prgjeel management 

2.3 Respon$ibUilles 01 aD CMef' pt(lject ~pan1s anclll1clr relelion.Ship 10 oUm project partlclpanl$ shall be kfen1lflod, meaning that 
Olgllnlzatlons ~e for planning, (¥)0f'dinotlon, wmplo QOihKtion, :;ample cwtody, measuremenl:s (I. B., afll!llytleel, ph)'$1eal, and process), 
data reduction. data validation. and report preparation shan be clearly ldenlllled. 

SECTION 3.0, EXPERIMENTAL APPROACH 

3.1 The gener.t!llapproadl and the le$1 eondl1ions for~ experimental phase sllaD be provided. Thlt $1alh1Ueal methods 1hat will be 
U$1ll11o vvatume lhe data {/.4t., AHOVA, or summa'Y &lalistics) shwiU be ldeollned. 

(NOTE: A$ deoemed tweprlata 10 the p!Ojer;l by the TLP, Ch& info!malion roquesle<lln Sedions 3.2. 3.3, oncl 3.4 may be prtsenred hate or in 
Secllon 4; the lnlormetian ~ed In Sed.lons l.S may be pre$etlled here or In SectiOn 5: and tile inlormallon requested In S«tions 3.6 may 
bOPI~herea ~~S~lQrt7,) 

3.2 The samp&\g strategy all be included and evidence musl be prtmlflled to demCI'I$ttate thallhe stmleQY Is awroprlate t()r 
meeting prlrntry !)IOjed Cbjectlve$, i.<f,, t de~lol\ ot 1h& staliSiieal ml)(hod or antitic: retlonale used to ~ed semple site$ end number of 
Nmp!N sho8 oe prov~. 

3. 3 SSmpUngJmonitorlng pOinte for all mqsurements ( 1.11., lnducl!ng locatii'Xls and ucx:ess poln!$) il1111l bll idefltl~td. • 

3.4 The lr4Kjuency of umpllnglmonltorlng events, as wen u~ lhD 11umoo•~ lUI el!~'h aemple type 11odlor Ieamon 1111'1811 ~ provl<t«<, 
Including ac and res.orve samples. 

3.5 .AU moa~ts (/.8., en:alyllc:al [chemical, mlcrobloioglc::8t, assaysj, physical, and prooess) mall bQ lcfenl!lled for eael'l sample 
IYPIIJ 01 1)1Qoc;;l1$8,1i1Ad pru)el;i-spedlk: large( or~~~lyla3 nil be fJSied and dawined liS Qlllcal 01 noncritical In the OAPP. 

3.6 The J)llmi'IIIO appro8(tl (SiatisticBI and/or no~tistital) for t\'M.tat!ng proJed objectives sllall be included. 

SECTION 4.0, aAMPLit«1 PROceOORI!S 

<1. 1 Wl'leTMMif applbllle, !he methCXI used to eS1atll&$rl $1eady-state cnndlllons sttall be deacrlbed. 

4.2 Known slte.IIPcdflc I8C:Icrs tnat may aff8ct samp!lngfrnani!Oiing fll"((aldure& $hall be describOO. 

4.3 Any site prfil)8rall011 needed pt1or 10 $1lmplinglmOMCIRnQ Shall be lleserii>!Kl. 

4,4 Eacl'l sempflf'lg/moohoring ~>~QeecMe to be used nn ibe o'1$CUSsed or l'$1&renc:ed. II compositlng or splilling samplell, thnAA 
proeedures shaD be described. 

4.& For SQmplo' reql.rit1ng o sp!~ ~mplo tor ellher ONQC I)III'J)O\St$ or for l!hlpmonl to 11 different teboaltoty, the QAPP :JhoU ldenllfy 
..mo Is re&J)Onsttlle tor SDIJitlng samDies. ana \olltiOro the spllllfng is pedatme-d (e. a.. fiE!Id wrnus lab). 

4.6 If sampllngfmonitelrlng equipment Is usee~ ro conect (;(1~1 maasuremenl datil (ie .. used to eeleulale the final conoentratfon of a 
crltlcol p.m:tmatcr), 11>o OIIPP $'!aU de5<:rlbo how Ulo wmpllng cqutpmer~tl:l conl)rolcd, Ina frequency at whictl h ill eallbraled, end I he 
aeoeotance c:rlterio tor ~fibration or callbrallon ~lleallon. as apprOpriate. 

4. 7 11 sampl~mCll'11tortng equipme~~~ls U$E!d to OOIIed (;(l\lc81 measurl!l'l'IEn data, the QAPP shul dnCilboe hOw cross-contamination 
tlelwelll'l SQtr>piH ., 811~. 

4,3 The OAPP she~ inc:lucte e discussion of 1t1e pJ'Ocedvres to be usec~ to assure that rapresen101iv• s.af111*s, are COIIecled. 

-4.9 A list of ll0fl1ple qu&ltltitku; to bo CXJI~cd, ond the somple amount requlrad ror eed1 anely'!ll!f, fnl;hJd#lg OC umple OM1y$1S, shall 
be $pedfied. 

4. 10 Contarnt:r5 U5ed tor sample cotlee'llon, 11CII'I$1)0r1, end S1orege tor eael'l sample type shall be ClesCI'Il:led. 

4.11 Oescrile how samples ate uniQUely ldentilled. 



• 

4.12 SumP., ~~~~!on~ (•.g., refrlo,}arollon, ocldificollon, otc.), Including specific:: reegent&, equlpmonl, and svppl'oq 
Alq\l~ fer 11-Afllll!A fW1I!SIIIIVIIlion shall be (Je~ • 

.t. 13 Ho!Oing Ume requirement$ shall be noted. 

4.14 ~ for pac:klng and snipping $8tnple$ shall be described. 

4.1 S P11)()8(1U!'es to I'M!n!aln c;f1111n_ot~stcxly (e.g .. ~ seal$, re<:Oid$) tl\lflrog Il-ler froomlhe netcr lo \11o labonnooy, In IIMI 
labQnrtory, ana am<H~g conlnlCI(W'(Illnd ~on~llhaU bG ~ lo ensuralllel ample Integrity Is main1alned. 

4.16 Sample ardllval requtroments for eodl Te~evenl organization shall ba pro11ided. 

SECTION 5.0, TESTING Jli)jD MEASUREMENT f>ROTOCOI.S 

5,1 E8c:t1 mea:l'llrenlefll ml!llhod lobe used $tloll be desetlbed In dclaD or ~r>eect. l\llodifw::etion' to EPA_opproved or ulm~ 
volJdated me1h0ds cha!l be SPeCified. 

5.2 For vnptOVen melhods. vertftcalian oah1 appl!alb~ to e:>epected 1!18~s Shall be lnduded n the OAPP mean~ the QAF'P $haU 
prov1CJe ellldenOEittlat me proposed moltiOd is CBpallle of ac;hloving the 4C1ilrcd perjormo~. 

5.3 For measl.Wements wnk:rl reQuire a c:e~oolled syt~em, lhe QAPP wn Include spocl1lc CB!ibratlon procedures applicable to ~ach 
project let'Q'It enelyle. and lhe I!I'~Ures for veMytng both lnlllal and conlinuif1Q ca"tntions ~ndu<flll{,} ~ency arnt ac:ceptance criteria, and 
correc:uva aciiOn s lo !Itt ~formed If lleQI!$)1a~~ Qiteria ore nolrn•tl. 

SECTION 6.0, ONOC CHE:CKS . 
6.1 AI a mlrlim\1111, !he OAPP llhan inc:tlldlt QU811ti!eriVe ll«:ePiatu:e l:littfl& lor QA objectives fl$socielecl w1111 accutac:y. preci:iion, 
detectlon limits, and tompllllene~~& lof crltlall mosurements (PfOOISII, phy.siall, and analytical. n al)l:llkable) for eadl matrix. 

6.2 fw( Cldditiaflal prefoct·~ CIA ob)eaiveo shell be prnenteo. including ~tanea erile<ia. Th" il1cludEtll Roms s.uc;h ss 'I'III!SS 
baluncll recruilements. 

6.3 The spedtlc proced\lres U$8d 10 assm BlllelenUI\td OA ob)eCINII!S shall De My described. 

6.4 The OAPP shan Ust arnt define en other QC chec:lls and/or procodvl9s (e.g., blill'lks. surrogates. controls, lil'lc.} used tor the 
prOfed, both fl!lld ancllabofatoly. 

6.5 For o81:tl 'po<;iflcd QC chol:k or proced\lneo, reqvitlld freq~Jendfls, o"oc!oted >~~CCtpCence cnt&rta, and COf,..;tive·<l ctions to be 
P!Xlnr mllC1 If aoceptance c:r~eria ~~ not metllhllll be I ncfudlld. 

SSCTION 7.0, DATA AEPOfUING, OATA REDUCTION, AND DATA YALIOATIOH 

7.1 The lePOf1ln{l requirements (e.g .• units, reporting method fwe! or drfll for each measurement end matrix sllall be ldentllied. 

7 .:I 11wl <kllivGrables expedtd fn:lm each ctganllatlon !Mponslble for flllld Ard li'llloollory actll!illes sNO ba llsled. 

7.3 Data reduction ll!CK:ed~J'es specJfic to the profed, an<! also Sl)ed(lc to oach organtmllon. shaP be summanted. 

VI 011a valklellon prO()()(jur11'!1fl:peci!W:: ta eactl orQanizatlon U$Cl'd to ensure \he rePOrtl~ ol accurate J)rojed (lam to lntllrner and 
eXiemal dltniS shall be $Ummllfttlld. 

7 .IS Oau:r ~~or~ r«j\\lfements for eech Dr~J8niz1otlon siiO!I be pr'O\'ided. 

7.6 The produd doc:llmenl thai wl1 be Pl'fl)lred tor the Pl'tlied shaD be sPedriocl (e.g., journal artlde, rmal report, 9/Q.}, The c:ontents 
of !his doc:umlflt can be referal'la!d to a NHSRC or program..spedfic OMP. U appropriate. 

SfCfiOH 8.0. ASSI!USM!WTS 

8.1 n~e QAPP ShafiiCl&ntlly au seheduiiKI euellla ,~,,., I:)Q(tJ tllldlrbl¥y¥1f!lm ltudits (TS~IIIild performance ev~tion$ p>Esl) In be 
pertor~. who wd pcrtonn lhcco e\ldna, <:~nd who will rQOQfv&lhe auelil <ei)QitS. 

e.:z The OAPP shall provide proceduru 11\atere 10 bit follOwed ltl81 will ensu19 that necessary corrective actions will be performed. 

G-3 Ttlo r~pontlb!O party(.-) fet lmplamenllri9 c:o<toetlllo «<iens slu!U beo ldootifiod. 

SECTION 9.0, RE.FEFI5NCES 

Rtfetenees stlaO be provl(led ellher in the body of the tlll<t as t<»>note.s or in e sr,para~e seetoon. 
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NHSRCQA 
To the Statement of Work 

Requirements/Definitions List 
EPA$ Cl.!>llit)' Sl/ll~m Weballlt: Jmlr.l/wYtW1!pa.q9VIa!f!!lty 
I!PA'a ~1.1ilvmonl$ and Guidance 00CIJtnent8: ~Jga doca.htm! 
EPA'& Qualltr Sr&t•m Website: !JttP:I!wW!!!I.tpupy/gyaHtyfq!J:dpc!l{ft.fl!l81.1Xff 

In II<XX!rdallOII wltlJ EPA Order Cl300.1 A'J., c:onfolmanc:e 10 ANSII.ASQO E4 mtset blil demonstrated by eubmittjng tho qu11llty dO<:urnentetlon 
de$CI'ibed ha111in. Aft Oullllly documentation allan be submitted to lhe GOvemment for revieW. The Government will review and return lh& 
quality dOM!'IIIntetlon, wilh commants, end Indicate eppr011al or dlsepprovel. II tile quality doo.Jmenletion is not IIPP'Oved, 11 must be revi~oo 
to address aa comments and shall be resubmitt&d to the Government lor •pproval. Work i!Mllving anvlfonmenlal datil collection, geneOltion, 
use, or JVIIUI'tlnQ &hall not oornmenec~ unlil the Govemmont !~;~eo apprgvo tho qu.Jity dOCIImontation. ,o Quafoty ANura11C:O P~)Kt Plo11 
(QAP.P) -'taP bliltubmitbld lo the Oowmmant st least tnirty (30) daY$ prior to tn.t begiMing of any ellvirOilmenlal data galh&ri!IQ 0< 
gener.~lion aetiYity in order to allow suffltienllime for nrvfew and revisions to be completed. After the O«Mtmment has apprated 11\e quality 
dOCIImOnlation, the ContreclOf stlllll etso implement !las wrllt&n aoo approved by lht Government. 

Ttlost requhements typfcolfr pert.lln lo &Ingle profeet llfl'ortll. Tl1e flw apeeiflcatlons ara: 

(11 111 deaerlptton of tM organlutlon'e Q11alily $)'11~m {QS) an411\fom~etfoll regafdlng 110\tll tn'- QS Is documented, 
communicated ~nd lmphtmented: 

(2} an OfDSnl.utional el'lal11tlowlng the position of th9 QA fun«lon; 
(3} clellneatJon of lh e authority and n~~ponalbiiiUet of the QA. function; 
(4} tlllt baCkground and e..periance Gf the QA pen1onne1 wno will be aalgneo to the projeet; and 
($) 1M organfZlltlon'a geneml opp~tll for occompllahlng tho QA apecillccUon11 In tho SOW. 

NH§RC QA RegulrementsiDeflnltlons list 
Category Level Designations (determine& the level of QA. required); 

0 Category 1 Pro,t.ct. applicable to :thldie& perfolmed to geneftlllo dete u~~ed for 111nior<>emtnt "clivltie:&, litiljlatiofl, or research projt<:t 
lnvnlllii>(J h•tm~tn ~ubleds. The OAPP ahall addreis alletementellsted in 'EPA Re~tuif'efflents for QA ProJG<:t Plilns. EPA OAIR-5. 

D ~ 11 Proj.cl. !IJ>plicabltlto stud;.• ~rfolml!d to ;enerele data usH in sup poll ofthe -dwalof>menl of environmental 
"'regulatiom. or standard$. The OAPP shall addres5 all elements listed In 'EPA Requirements tot QA Ptoject Plan$, EPA OAIR·5. 

0 

Categn.y Ill Prejlld . applicable to projects lnYOMng aoplled 19$1l1Uch or llldlnotogy evaluations. The OAPP shall acldnl$s the 
applleable sedions at "EPA Requirements lot OA Project Plans. EPA OAJR·518 ouUined In ""NHSRC's QMP: QAPP 
~equlremaniS for the spe<;ifie !I)I'Oject type (see below). 

Category IV P~Joc;t • applicable to pro~ Involving bllsic resnt(;h or preliminaty «Uta gathering activllies. Th& OAPP si'IBII 
address the aPQllcatrtiP section$ ot "EPA Ruquiremen!S tor QA ProjeCt Plans, ePA OAIR·5 ts out~ned In 111e NHSRC's QMP 
QAPP reQuirement• for tfloe ·~ project lype (•ee below>. 

Project Types: 
Tl!oso olltllnw of NlfSR<:'a QAPP Roqultemente for various project types,1rom Appendix 8 ot lho NtfSRC QNIP (except who~ 
othefwis. noted), ere condensed from typlcalfy awl! cable so~tions ofR·5 (EPA Requlf9meot. fOf QA Project Plane) and l!f\1 
Intended to eeM N e nrtlng point when pteparing a QAPP. Th&se lists and their fotmlt11111y rtot fit tVGfY rew.ucllsoenario and 
OAPP's mil$! conform to applicable sec:Uofls of R·51n a way tllatluuy dntfltle& ll'le resun;n plan and sppropriale QA and QC measures to 
11na~•• lh~~tllllt: dati anr ~ladetl'lale qudly 1nd qu.~~nllty to fil lhelr intllndll'll purpoae. 

__./ Applied Research P"'JGCl· partatnslo a s~y pelfom~oo to genora~ dala to demonstrete the performance of ~~:cePieQ ~ prooene& or ledlnoloqtn under dellne(f wndlllon$. Thes• $\lldi¥ti arv otl.•n pilot· or tielckCiilll, The QAPP $h~tll add"''' ill 
requirotn011ts listed in "QN>P Re'CI~il1lmente fl;lr Appllod Recellrch Pro}edt' twm "pPttndix S of the NH$RC OMP. 

D 
D 

Basic; Rlllilltlll'flh Project - f19rlllne ~a ttudy perfoiTI'\Od to gonerato clata wed to ovalvolo vnpro'ftn \l'IOot!OG, PfOCWSCS, or 
tecj!no\r)Oittll.. TtlM8 studies are oflen ~~acale. Tlle QAPP Wll ad\treu 1111 ~uiremant$ listed In 'QAPP Requl~ernenc• for 
Busic Res.tarc:ll Projeel~· ftOm Append be 8 cf lhe NHSRC QMP. 

Oes\gn, Construction, and/or Oporation of lnvlronmental TechnOlogy Proleet • perla1r111 10 envlrOIUT'IentsltecnnOIOQy 
des~Qne<~. constrvcted and/or optiH1Jled by end/or fOt EPA, The QAPP llhsll addrets requiremenla ln tile EPA Quality SY8Wrl1 
doeument ·auldlllQt on Quall!y Aasurance ror Enmnmontal TechnolOgy Design, Con suuct!On, end Operation' G·l 1, at. 
b!Ja;lfwww.ept ggytgyafi\V!.QS110C!!Il!, 1 -fineJ.QS.ps!!, For llddillonellnfl:lml&llon, you tna)' t'C:Icr to Pe" C of ·~clbtlon~t end 
Gllldetlnes for Quality Sya•ms for En~fllll4tll!al Datoa Collection and Enlrironmuntal T *C:hnology," ANSIIASOC EA-199.4, American 
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D 
D 
0 
D 
0 

D 

Society lor Quality Control, Milwaukee, WI, January 1895. 

GeCillpatial 041t11 Quality AssUrence Project • pertains to data colle!;tlon; data procssalng and enalysls; and date vatldalion o1 
geOliPBfllll!ppll<:atlcll3. The QAPP alllllleUdiiiHI~ulllmlllfRtflln ltta f!PA Ouallly :5)'5\em documcm "GuiUatlOlt lor GIIIIIIPBIIal 
041a 011ality AMuronce P10ject Plan,• G-5S ;l bUp:IIWttw,tta,.ooy/SY!!lilv/OS-<!qglg§Q.finaHl§.pc!l. 

Mll'tllvd Ocwelopmtnt Project • pooalns to ellllotlo,., lll'h~:~ro tht~re Is no eJ<Istll'lg stenden:l method, ore a.tel'ldlrd method needs to 
twt algniflcllll!ly modif'ced for 11 sp~~cllic appliea!ion. Tho OAI>P lhaG addllln tlllllqllirlllmllnta listen In "OAPP A~~qulrements for 
Method Oevefopmenl Projects' rrom Appendix B of the NHSRC QMP. 

Model Developm.nt Pro!K1· lnel~dea a!IIVI!ft or rrn~tnemetieal model$ lnc:IUdlng srauc, dvoamic. detetmin istil::, $toctlll$lk:. 
medlanittic, empirical, ete. The QAPP slleU address requirtmems in tlte EPA Quality S'Y'{em document 'Guidance foJ Quality 
Assurance PIOieQ Plans ror Modeling• G·W 11 hltP;/JINWW.epa.aov/qu!IJI!y/QS-docstg5m·1lnt~OO!. 

Sampling and Anolly$1s P110,1Kt • pertain$ to the collecllon and analysis of tam pies with no objediveli other than Ia PIVVide 
c:hara.:tw.etlon or monltqring lnfotmetion. Tho QAPP •IWim a<lc:lrel$ ,u requlramenu. ll$l'e<! in "QAPP Auquiramenlli IQt Seunpliftg 
and A.rl~ls Projects"lrcm A!'Pl'rld'!li 9 of the NHSI'fe QMP. 

8eo11nd•'ll Dutil ProJect· penalno to onvironmentot doto GOII~O<I ffom other sou~•. by or lor EPA, thet ent uHd lOr PllfPOHll 
other than those originally lntellded. Sourata may lnc:lvcle; literature, inc:lustry surveys, canpllatiOns fl'cm oomputeril.ed c:letabase,s 
and infotrnaiiOn systems, and camputerlzed or rnalhemalbl modell of environl'll(lntol ptoQOtsea. The QAPP shalladcftess all 
requiremenlwllsled tn •QN>p Reqwements for Secondary Oata Pro)CidS'11'om Apperu31x 6 ot the NHSRC QMP. 

Software Development and Delli M•11a9ement Project· perteR'$ to scrtware development, software.lhardware 
IIYIIIBml\l d~opnnml, <Jatablne cle$lgn and 11'111/nltuant::$, data validation •nu ~~~•ifJ~;allon sysl\ll'n$, The QAPP shall s<ldress au 
reqvlrvmenls lltled in 'OAPFI Rt~ulremenls for Sl.lltv4lt1t Oewiopmeot Pro)t<:tfl"lrom App@ndlv 8 of tnt NHSRC QMP. 

Definitions: 

F.IWirenmllllntal Data. ThHeare any m11nuramen1 or l!lformaHon that describe: environmenlfll p.!()""'lt~P.s, ln~tinn, or «'.nnnH!tono.; ~<>aie<lll 
or he•ttn effects directly frqm menurements, pTOCiuced lrom s;aftware end models, and complied from other sources such as data ba- or 
the t~eratun~~. For EPA. envfronmontal data fndUcSo fnfol'lllatlon e<~llii'Oted directly from measumneots, p1od11ced 110m s-oftware and rnodats, 
an<l compiled from othef sources ~uc.h <M data ba$0$ or lterawfll'. 

Incremental Funding· Incremental funailng Is partial funding, no n~~~Wworll. 

Oualifll' Assurance (QA). Ouar"y assurance i$ <1 svstern of management a'-'ivitles to ensure that • proce1111. ftem. C)r 118rvice is ot the 1)'~». 
an<! quality neoeded by the customer. It !leafs wiUI s$11ing policy and running an tldmlnittraUva system ol m<~nagement controls that t:QYer 
~nnng, lmptem~.~nlation, and review -of d.:~ta ootlel::llon ~l\ltties and the uae ot dara In deaslon making, Quality assurance is just one part of 
a q1.1al~y ayttem. 

Quality A&suran<:AII Proje4:t Plan (OAf'P) ·A OAPP is a docvment !hal descrlbn I he necet$IIIY quality assurenct, quality control, ant! other 
tedmicaf 11ctivililla thlll mu&t be' imp~rnenhld to tnlufll'that the ntaultl oi!M w0t1c pcrformoc~ will &lltitl'y ltu~ :.teted pert'onnunc.e cri1C~ria. A 
ClAPP d(Kllmenlc projec:t•'II*CHIC:: inlorMation. 

QU~tllt)' C~mtrot (QC) • (luaflly J;OAirt>ll~ a1o:.chnlc<lol f11nQion lh11t inc:looea allltl\!0 ~nU!iG pr~ution•, a~.tch as .::alibtationa and dupliQiioM. 
Wlllch am l'e«!f>ll to A~ulm data of known an<S adequall• qu~llly. 

Quelifll' Managflmmt Plan (QMP) • A OMP ill a document tnat deaerlbe$ an organltalhm'.,~ram'$ quality S)'$f¢n'lln torm& of lhe 
Ol!laniutiollaiJtructuru, polic.y 11nrl pnx.erfn"", functionfll111$pnn«lhllnlll.l\ nf mwnllg~~mf!nl anrf J.lfll'f, IIM!I n1 RIJthnrity, ~net rAt~olllW!Interfaces 
for those planning, implemenVI\g, clocul'll(lntlng, ancl uses.slng all ectlvitiea c:onducted. A OMP documents the overatr organizationfprog n~m. 
en~ i$ primarily applit;able to multl-yea1, mufti-project afforta. An o~ganilatlon's/p70!JI'Im'$ QMP shaU address all elements lilted In the 
·Requlnlmllmts for Qu<llil1 M.tnagemenl Plans" In AppendiX a ot lho NHS"C QMP. 

Qualily System ·A qullil)' S')'l\ltem is the means by wfllcn an organiUtiotl manag8'fll& quality asp&d'S In a ')'titemat!C, ()f9anlted manner an4 
ptovldoe e fteiTICWOlk rQf planning, impllm)enllf!V, •nd liNe~~~"' 'WOIII per!vrmed by en 0151Bn~U~n anlt for c;ertyllliJ Qlll required quaUty 
ouuf8nce and quality I)Qnlrol a etivltioe. 

R-2. f!PA Requirements tor Quallry ManirlJernenl Plam (Ef'AIZ4Mkll/002l March, 2001 bltp:I/Wwlv.eo• aov1Quallty/QS-dog.lr2-0n!!!,RSI!. 

R-5. EPA Requiremem for Quality M1naoeme"J Plens 4EPN2~B-011002) Mareh, 2001llnP..:1~.epa,goyJouatlty/QSi!oca/!5-lina!.Odr. 
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Subfotantlv'& Change. Substanli¥e eft angels any change in an ac:!ivily thlll may alter the quar~y of data bfing used, generated, or gatf'lared. 

Teehnl~l Lead Person (n..P}. Thill person is le(llnlcafly ret!pOilslllle for lhe project. For llld!llmural c;ontract work, 1he TLP !s typlc:ally the 
c;ontrectlng Qfllc;er's A!Presentatlve (COR). f'or inlnlrnural work, Ins TL? is typicllll)l the Prirn;/pallnllutlgator. 

Abbrtvlatlona: 
COR COntl8cting Officer'& Repr.sen1111twe 

NHS~ Na1lonal Homeland SlleUrliy Research Center 

NRMRt. National RiSIC Man&Qern&nt Researc;l\ t.ab«aaory 

QA 10 Quality A$$urance ldentlflcotkln 

OAPP Quality Assuranat Projed Ptan 

as Quality System 

TlP Technic81 Leal:! Person 

Altachmcmt jt2 to the Statament of Work 
ReviSion 1. Mardi Z006 
NHSRC06102 
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lAG tnterageney Agreement 

QA Quality Assurance 
QAM Quality Assure nee Manager 

OMP Quality Management Plan 

SOW' Statement ofWo,. 
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United 61otco environmental Pro~on Agoney 
Wcnk A$slgmnenl Number 

i- l \ ft EPA 
Wetminglon, DC 20460 

~ Work Assignment 181 Olhet D Nncndmenl Number: 

ConttactNu~ I conllllct Period O'Vo \/I b - 0~ /.3 I / I \ Tllfe of Wolle 1\calonmoni/SIZ Silo N...,.. 

EP-C·1Q-001 I Option Period Number l Experiments for Decontamination of M 

CQtlll11;1or 160Cdtv Saclion alld P..aotaoh of Contract SOW 

Battelle 

P!Jrpcso: I8J WOIIIAhlgnmenl 0 Work ki&IUnment CIOse.OUI Period ol Pcrlormance 

~/31/l' 0 WOIII Asalg'ltllenl Amendment D lncromen!al fundliiQ 

0 Wol!( l'ltn Approval 
From 10/~~/1 0 To 

COIMWilR: Full WA nile: Experiments for Decontamination of Materials with Ozono GD91n the Proseneo of Vatlous Organld> ( ,- t .. 
{.... ~i' 

0 SUperfund Accounting and Appropriations Data 0 Non·Supertund 

(~~~ 1221 
Nolo: To ropod ecklitlonol•;c:oloiRIIng ond •PPIOPflalions dale ~.n~c: EP/1 Fann IIIOIHI!I.I\. 
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(MD d) (Max4) COde (Max 8) (Max 7) (Malt9) (Mox4) (Ma•8) (Max7) 

1 

2 

3 
1-f.-------

4 

5 

Authorized Wort< Assignment Ceiling 

Contract Period; CostJFee: LOE: <aqs- LOE 
Thi$AQlon: 

Tolar: 

Work Plan I Cost Estimate Approvals 

Conl18ctor WP DDICd: Co.t!Fee: lOS' 

c .. ,.,I.Uvo Appr~ Coa1/Foo: LOE: 

Worll 1\s.slgnmenl Manager Name ~at,/.-~ Branch/Malt Codo: 2:: .J <1-d -t? /, 

7~~6lmfJ ~/~ Phone Number: Q/Q- ~.-LJ:.t'-Q/ 

919- rf"fl./- ~¢96 (S Bfllre) IOillttJ FAX Number: 
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Branch/Mall Code: tDMJ> IF g4 3-bb 

_,AIA.A ~ ~ Phone Number:'\ t 4 -~!...\ \ --~ ~ \I 
FAX Number: q,q ~ $._.)\-() '-\C\ ~ 1', 1Skllla/u111J (._/_ {Dot ttL 

OthlrAg~W~CY~ 
luiy &fb3}Jo 

9ranch/MaiiCOde: DC.,.Mb/f.3'13..0b 
Phone Number: C\ \4. -b.~\ _.. 0 b '1 '-\ 

ISiorl&funtl IDere) , FAXNumber: Qt<\-<1.-j\-ot..\'\lo 

con~ng m::.._/., .r ~ L~&.J..lla 
Branch!Maii·COdo: ( 1-' IJ f) 

~ .... / Phone Number: S 11' '1 /1_ 7 ,J6J1 

ISiorlllluntl (/ " 108111'1 FAX Number: 
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United States Environmental Protection Agen~y 
Work Assignment Number 

Washington, DC 20460 1-10 
EPA 

Work Assignment D D Amendment Number: Other 

Contract Number I Contract Period 10/21/2009 To 08/31/2011 Titie of Work Assignment/SF Site Name 

EP-C-10-001 Option Period Number 1 Handheld Toxic Industrial Chern 
Contractor I Specify Section and paragraph of Contract SOW 

BATTELLE MEMORIAL INSTITUTE Section 3.1 
Purpose: D Wor1< Assignment D Worl< Assignment Close..()IJt Period of Performance 

D WOrl< Assignment Amendment 0 Incremental Funding 

lliJ Wor1< Plan Approval From 11/01/2010 To 08/31/2011 

Commonts: 

Toxic Industrial Chemical Detector Testing and Evaluation 

0 Superfund Accounting and Appropriations Data l~ Non·Supertund 

D 
Note: To report additional accounting and appropriaUons date use EPA Form 1900-69A. 

SFO 
(Max 2) 

:! OCN BudgeVFY Approprtallon Budget Org/Code Program Element Object Class Amount (Dollars) (Cents) Site/Project Cost Org/Code 
::::; (MaxS) (Max4) Code (MaxS) (Max7) (Max9) (Max4) (Max a) (Max7) 
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2 

3 

4 

5 

Authorized Work Assignment Ceiling 

Contract Period: CosVFee: $0.00 LOE: 0 
10/21/2009 To 08/31/2011 
This Action: $0.00 1,240 

Total: $0.00 1,240 

Work Plan I Cost Estimate Approvals 

Contractor WP Dated: 01/26/2011 CosVFae: $192, 572.00 LOE: 1,292 
Cumulative Approved: CosVFee: $192,571.00 LOE: 1,292 

Wor1< Assignment Manager Name Shannon Serre Branch/Mail Code: 

Phone Number 919-541-3817 

(Signatum) (Date) FAX Number: 

Project Officer Name Shannon Serre Branch/Mail Code: 

Phone Number: 919-541-3817 
(Signature) (Date) FAX Number: 

Other Agency Official Name Richard Makepeace Branch/Mail Code: 

Phone Number: 513-487-2193 
(Signatute) (Date) FAX Number: 

Contracting Official Name Matthew Growney Branch/Mail Code: 

YJ? ft._./). \\ ),),~ .... / L L~ r;; Ltl Phone Number: 513-487-2029 
SignatureY (0818! FAX Number: 513-487-2109 

v v 

Wor1< Assignment Form. (WebForms v1.0) 



STATEMENT OF WORK 
Contract EP•C-10-001 

·t. TITLE 
Decontamination of Materials with Ozone Gas in the Presence of Vaporous Organic 
Compounds 

II. PERIOD OF PERFORMANCE 
The period of performance for the contract shalf bl;v .. 
Avsv~-t 3 \ 1 1.o\ \" 

from the date ofaward. + h ro oj h 

Ill. SUMMARY OF OBJECTIVES 
This work will provide data on the effectiveness of gas phase organic compounds 
addition .on ozone decontamination process to inactivate B. anthriu:is spores on different 
materials. 

IV. RELEVANCE 
The results of these tests will provide the decontamination technology user and 
stakeholder with high quality, peer-reviewed data on the effectiveness of ozone gas to 
decontaminate building materials contaminated with B. anthracis and a surrogate (B. 
suhtilis). The results ofthe work will be made available to the homeland security and 
emergency response community through published reports, journal papers, and/or 
conference presentations/proceedings. The information will also be used to develop 
guidance documents pertaining to specific threat agents and release scenarios. 

V. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting 
human health and the environment from accidental and intentional releases of hazardous 
andtoxic materials. According to Homeland Security Presidential Directive I 0 (HSPD-
1 0), the BP A is tasked with developing strategies, guidelines, and plans for 
decontamination of persons, equipment, and facilities following a biological weapons 
attack. In response to this directive, the EJ>A Office of Re~arch and Development 
(ORO) National Homeland Security Research Center's (NHSRC).Oecontamination 
Consequence Management Division (DCMD) is investigating methods and technologies 
for the inactivation of spores (e.g., Bacillus anthracis Ames) on materials/surfaces. 

Some organic compounds are known to react with 03 and produce reactive species(e.g. 
hydroxyl radicals). which may be highly effective sporicides. This approach.may be 
more effective than OJ gas by itself. A commercial technology utilizes thi$ approach, 
although at low concentration of OJ. Higher concentration (5000- 10,000 ppmv) of 0 3 



would be used for this study. This study will invc:stigate the potenJial synergistic effect 
of OJ when it is used with reactive gaseous organics for biological agent decontamination. 

VI. SCOPE 
The purpose of this study is to investigate the use of ozone with reactive gas phase 
organic compounds during o:tone decon4Uninulion process to inactivate B. anthracls 
spores on different types of materials. Sufficient replicates, blanks. and positive controls 
shall be used, consistent with standard microbiological and quality assurance procedures, 
past work conducted by the contractor, and studies being currently conducted by the 
contractor. 

VII. TECHNICAL APPROACH 
Test materials contaminated with biological agents shall be decontaminated using gas 
phase organic compounds with ozone in a test chamber. For cmch decontamination test, 
the effort shall include the recovery of viable spores from the selected materials surface 
before and after decontamination. Five replicates for each agent-material combination 
shall be included in eaoh experiment. All experiments shall be approved by the EPA 
work assignment manager (W AM) prior to commencement. Test and analytical methods 
shall be adopted from past or on-going efforts, in consultation with the W AM. 

VIII. TASKS 
Task 1. Selection ofVaporous Organic Compounds 
The contractor shall prepare a Quality Assurance Project Plan ( QAPP)in aooordanc.e with 
http://www.epa.gov/quatity/qs-doos/r5-final.pdf or based on the type of research that is 
being conducted. This QAPP shall include a comprehensive work plan and a timetable 
for completion of the work. In this plan the test matrices shall include general test 
procedures, chamber operation, ozone generation and measurement, gas phase organic 
compound generation and measurement, lnborntory blanks, positive controls, and 
procedural blanks in addition to the test coupons. The QAPP shall be submitted to the 
EPA W AM within 30 days of award of the task order and the plan shall be approved by 
the EPA QA officer priotto work with each decontaminant technology. 

Task 2. Conducting Experiments 
The contractor shall conuuct experiments to quantitatively determine the effectiveness 
(log reduction) of inactivating B. anthracis (Ames strain) spores and one surrogate specie 
(8. subtilis) on different material coupons using ozone gas. If possible two agents will be 
dec&ntaminated at the same time during decontamination tests. Three n::tttterial types 
shall.be used for testing, and shall include glaSs, wood. and metal ductwork. The 

·experimental matrix shall include tests to be conducted with one to three different organic 
compmmds with two different concentration levels for each compound. 

Constant concentration of organic compound shall be introduced con(inuously to a test 
chamber and the input level shall be .monitored throughout the test period. Organic 



compound generation and measurement method is described in the study by Lambe et al. 1 

and the contractor may consider the method in this research article as guidance. The tests 
shall be conducted at one ozone concentration, on.e contact time, and one relative 
humidity (RH) level. 

The first organic compound type and other test conditions will be provided by the W AM 
at the time of developin& the QAPP. The remaining test conditions will be dcten:nined 
based on the results of the first experiment and provided by the W AM. Tests shall be 
conducted in a chamber with a sufficient number of replicates, positive controls, and 
blanks. A qualitative assessment of the impacts this technology has on the coupon 
materials (such as structural damage, surface degradation, discoloration, odor, and other 
aesthetical impacts) shall be noted for each test. 

Tosk 3. Reporting 
The contractor shall prepare a test report (a dra.ft for WAM review and approval; a 
revised draft for peer and QA review; and a final) be which shall include the test 
conditions. methods, quality assurance, and results of the tests conducted per the 
requirements of this SOW. The report shall also include a brief description of the gas 
phase organics and ozone generation. in terms of its operational features pertinent to the 
potential user. The report shall confonn to the requirements ofEPA's Handbook for 
Preparing Office of Research and Development R~ports (EPAI800IK-9S/002). 
Substantive portions of this handbook can be found at www.epa.goy/nhsrc under the 
policy and guidance tab. 

Laboratory data shall be transferred .electronically to the EPA WA M after the conclusion 
of each trial or series of tests. These data shall include, but not be limited to. ozone level. 
temperature, RH. vaporous organic concentration (the raw peak areas from the mass 
spectra, and calibration data sets for the OC-MS), am.l viable organism counts for test and 
control coupons. 

IX. QUALITY ASSURANCE 
The awardee shall comply with all requirements as delineated on the "Quality Assuranc.e 
Planning Requirements Form (QARF)" included with this extramural action, see 
attachment # 1 and #2. The contractor shall prepare a QAPP in accordance with 
http://www.epa.gov/quality/qs-docslr5-final.pdfor based on the .type of research that is 
being conducted. For guidanc~: on preparing a research-specific QAPP 1 the preparer 
should refer to the project specific requirements provided in NHSRC's QMP. The 
QAPP must be approved prior to the start of any laboratory work. Additional 
infonnation related to QA requirements can be found at www.epa.g(tv/qualil.):. 

1 Andrew T. Lambe, jieyuan Zhang, Amy M. Sage, and Nell M. Donahue, 2007. Controlled OH radical 
Production via Ozone-Alkene Reactions for Use in Aerosol Aging Srudles. 41, 2357·2363. Environmental 
Science and Technology 



X. DELIVERABLE SCHEDULE 
Task Besdn date Completion Date 
1. QAPP As soon as W A awarded I month after W A awarded 
2. Testinsz Completion ofQAPP June 30, 20 ll 
3.Report Completion ofQAPP August ll 2011 
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NHSRC QUAUTY ASSIJMNCE REQUm&MmTS FORM 
Attachment 1 to the Statement of Work 

I GENERAL INFORMATION 

Title: Experiments for Decontamination of Materials wlth Ozone Gas in the Presence of vaporous 
Organic Compounds 

Description: The effect of organic vapor for ozone gas decontamination will be investigated to determine 
effu:acy in inactivating Bacillus anthracis spores on a variety of materials. 

Project ID: DCMO 3.108 

Status: Original 

l'lumber Ammende<t. 

QA Category: m 

Action Type: Extramural 

Peer Review Category: IV 

security Classification: Unclassified 

Project Type: Applied Research 

QAPP status 1: Not Delivered 

Vehicle Status: Existing VehiCle 

Vehicle Type: Vehicle Number: 

Work AsSignment Number: 

Delivery/Task Order Number: 

Modification Number: 

Other: 

EP·C-10·001 

N/A 
N/A 
N/A 
N/A 

If you are processing an ZAG or CRADA, the responsibility for QA m~ be negotiatec/ within the agreement. Th(t 
1U'S in consultatiOn w~h the QAHs in the wtrio_us organizations must agree on, and doalment. w(lich organizatiOn wiH 
take the lead for QA. the names of the QAM and 1LP from each organization, and the QA requirements that wiR be 
adhered to during the agreement. Indude this fn£0 in the IAG/CRADA pactage. 

D SCOPE OF WORK 

Yes Does the Statement of Work contain the appropriate QA 'language? 
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The awardee shan comply with all requn·ements as delineated on the ·Quality Assurance Planning Requirements 
Form (QARF)• induded with this extramural action. The contractor shall prepare a QAPP in accordance with the 
R·2 and R·S and/or the attachments provided with the SOW. TheQAPP must be approved prior to the start of 
any work. Additional information related to QA requirements can be found at 
http;/ twww .epa.gov/Quality/qs-docs/rS-final.pdf 

Yes Does this extramural action involve the collection, generation, use, and/or reporting of environmental data; the 
design, construction, and operation of environmental technologies; or development of software, models, or 
methods? 
(If "No"' then skip to Section IV, and sign the form.) 

No Will the SOW or any subsequent work assignments or task orders involve any cross-organizational efforts 
within EPA? 

No Has a QAPP already been approved for the activities specified in ttle SOW? 

No Is an applicable QAPP in the process of being prepared, revised, or approved by EPA personnel for fu.ture use 
by the contractor? (QA approval must be obtained before the contractor can stan: work.) 

m QA DOCUMENT AnON OPTIONS 

All documentatiOn specified under •Other" must be defined in the NHSRC Quality Management Plan and be consistent 
with re(!uirements defll'led in EPA Manual 5360 Al. For all items checked below, there must be adequate information in 
the SOW (or its appendices) for the offeror to develop this documentation. Where applicable, reference a Specific 
section of the sow. (R-2 refers to fi'A Requirements tor Oualitv Management Plans fOAIR-21 (EPA/240/B..fJ1/0D2, 
03120/!)1) and R-5 refers to EPA Becwirements for Qua!itv Assyrance Protect Plans tQNR.-5) (EPA/240/B-D1/()()3, 
03/20101). Copies of these documents are avaflable at httg;ll;,o.ww.epa,qov/q!Jality/qa docs.htmt.) 

After Award Ooaunentation 

R2 

Rland RS 

R5 

Documentation of. an organization's Quality System. QMP developed in accordance with: 

Combined documentatiOn of an organizaticn's Qualltv System and application of QA and 
QC to the single project covered by the contract: Developed in acCordance with: 

Documentation of the application of QA and QC activities to appli(:able project(s). 
Developed in accordance with; 

Programmatic QA Project Plan with supplements for each specific project, developed in 
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aa:ordance with: 

Not Applicable Existing documentation of the application of QA and QC activities wlll be used: 

IV SIGNATURE BLOCK 

The Signatures below verity that the Statement of Work (SOW) has been reviewed to ascertain the necessary QA and 
QC activities required to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
COR will ensure that the quality requirements indicated on the previous pages of this form are incorporated into all 
associated SOWs. (Sign/date below, obtain a concurrence signature from the QA Staff, and submit the fonn along 
with f/Je other extramural action documentation.) 

/4~~ 
.-- T ~oyyc £.sa+- i In-Ito 

Sangdon Lee 09/08/2010 
NHSRC·DCMO Tedlnicalleac Person Date 

Eletha Roberts 
NHSRC-10 QA Staff Member 

OAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from Appendix B or the NHSRC QMP) 

09/08/2010 
Date 

An applied research project is a study to demonstrate the pe:formance d technologies under defined conditions. These studies are often pilot
or field-scale. The fOllowing requirements should be addres$ecl as appli!<able. 

SECTION 0.0, APPROVAL BY PROJECT PARTICIPANTS 

The EPA Techllical Lead Person {Tl.Pj shall be responsible tor obtaining signatures of appropriate project participants on the signature page 
oftheOA plan. dOcumenting agreement to project obje(;tives and the apiJfoach for evaluatirg theseo~ectives. 

A distribution fist shaf be p-ovlded to facilitate the distributiorl of the most recent current version of 1he QAPP to all the prin<:ipal project 
paniclpants. 

SECTION 1.0. PROJECT DESCRIPTION AND OBJECTIVES 
1.1 The JlW'I)OSE1 of sfUdy shall be. clearly $taled. 

12The precess. site, fGdlity, and/Or envlronmenal system to be tested shah be described. 

1.3 Project Objee!lves Shall be Cleatly stated and identified as primary or non-pOmary. 

SECTION 2.0, PROJECT ORGAN~ noN 
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2.1 Key points of contact for each OfQ8'lization involveo in the project shall be k!entified. 

2.2 All QA MaoaQels and their rela1ionship in the Olg8lliZatioos (ie.. location wi1hin each organization) shall be Identified wi!h evidence that the 
OA Manager is Independent of project management. 

2.3 Responsililities of all other project panicipants and their retalior.shlp to' other project palticipaots shall be identified, meaning that 
organimtionSrespon$1b!efor~, coordinatiOn, $elllplf:colledion, samplecustoay, measurements (i.e., analytical, pflysical, and process), 
da\a reductlcn, data validation, and repoo preparation shaD be clearly idenlifiecL 

SECTION 3.0, EXPERIMENTAL APPROACH 

3.1 The~~ approach and 1he test conditions for each experimental p,ase shall be provided. The statistical methods !hat v.ill be used to 
evaluate the data (Le.. AAOVA. or summatY statisllcs} should be identified. 

(NOTE: As deemed appropriate to the project by the TLP. thainforma1iof! requested h Sections 3.2. 3.3, and 3.4 may be presented l'ere «in 
Section 4; lhe information requested in Sections 3.5 may be presented here orin Section 5; and t~ information l'e()JeS!ed In Secll0ns.3.6 may 
be presented here or in Section 7.} 

3.2 The samping strategy shall be included and evidence must be presented to demonstrale that the strategy is appropriate for meetil1g primary 
project objec:ilves. i.e., a description of the statistl:al method or scienlffic rationale used to select sample sites and r.umber of samples !hal be 
provided. 

3.3 Sampllng!monitoring points for aR meaSUtements {i.e .• indudlng localioos and access points) shalllle iderdified. 

3.4 The frequency of sampllngfmonitorlog events. as well as the numbers. for each sample type and/or location shall be provided, inciOOlng QC 
and resefVe sample$. 

3.5 All measurements (i.e., analytical (chemical. microbiological, assays), physical. and process) shaft be idellllfied for each sample typ& or 
llfOOGS$, and project-specific target analytes shaft be listed end dasslfied as aifical a noncriticaJ in the QAPP. 

3.6 The planr.ed approach (statistical and/or non-statistical) for evaluating project objectives shall be inclUded. 

SECTION 4.0, SAMPUNG PROCEDURES 

4.1 Wheneve: applicable. the method used to establish steady-state conditions shalt be described 

4.2 Known sile_specific factors that may affect sampl'mg/monitoring procedures shall be described. 

4.3Any site preparation needet1 pr1or to samplingimonitming shall be desalbecl. 

4.4 Ei1cfl sampfinQ/monitaing procedure 10 be used shall be diScussed or referEnCed. If CQII'lPQSitiqg or splitting samples. those procedures shaH 
be described. 

4.5 For sathJlle$ requiring a split sample for eifher OAJQC ptXpOSeS or for shipment to a different laboratOtY, Ule OAPP ShBII identify \\flo is 
teSpOllSible fot sprliting samples, and where the spllttlng is performed (e.g.. field versus lab). 

4.6lf semplinglmonitoringequiprnent is used to collect crillcat measurement data (i.e., used to calculate the final concentration of a critical 
param~r). the QAPP sh3ll descritle how the sampling eqUipment is caUOO!ted, the frequency at which il is c$1il)fated, and the~ 
ailefla for callbratio.'l or callbrali)n velificatioo. as appropriate. 

4.71fsamplinglmonltoringequipment is used to collect crilieal ~ data, the ClAPP shall describe ho'N cross-conlaminati between 
samples is aVOided. · 
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4.8The OAPP sha.f il'ldure a d!scossion of the procedures to be used to assure that representa!Ne samplesar~ collec'ted. 

4.9A list. of sample quanlities to be COllected, and the sample amount requited for each analysis, including QCsample analysis, shall be 
specified. 

4.10 Contlliners used ror sample eollectbn. lr.lf'ISpolt, and storage for each ~e type shall be desctibed. 

4" 11 Describe how samples a!ll uniquely identified. 

4.12 Sample preservation methOds (e.g., refrigeratlcn, acidificati:ln. e/C..}, induding speck reagents. equipment. and supplies required 
for sample preservatlon sllall be described. 

4.13 Holding lime requirements shall be noted. 

4.14 Pfoced~KeS for packing and $hJppirg samples shall be described. 

4.15 Procedures to maintain chain_ of_ custody (e.g~ ctJSlody sealS. records) during transfer from the field 10 the iabotaloty.ln the 
laboratory, and among con1faclors and sutx:ontraaors shall be descritl8d tb ensure !bat sample integrity is maintained. 

4.16 Sample archiVal requirements for each llllevanl organiZation shaU be provided. 

SECTION 5.0, TESTING AND MEASUREMENT PROTOCOLS 

5.1 Each measurement methoc:! to be used Sl1all be described In delail or referel'lced. Modilications to EPA_approved or similarly validated 
methods shall be specified. 

5.2 Rlr l.ll'l{lfoven methods, verilication da1a applicable to expected matriCes shall be included in the Q,c.pp meaning !he OAPP Shall provide 
tWidence that the proposed method is capable of achieving the desired performance. 

5;3 For measurements 'Nbicb require a caflbreted syste.11. the QAPP shall include specific calibration procedures appliatl>!e to each ~ 
1arget analyte, and the procedures for verifying bolh lnllial and comiluing calibfa1ions{inclucftng frequency and~ criteria, and 
eorrectlve actions to be performed if acceptance critetfa are not met). 

SECTION 6.0, OAIQC CHECKS 

6.1 At a minimum. lhe QAPP shaD include QUantitative acceptance criteria for OA objectives aSSOCiated with accuracy, precision, detection linits. 
and COOlpleteness for critical measurements (process, physical, and analytical, as applic:able} for each matrix. 

62Any additional proJect-specilic QA objedives·shaU be presented. including acceptance criteria. This includes items sud1 as mass balance 
requlrements. 

6.3 The specific procedures used to assess all identified OA objectives shall be fully described. 

6:4 The OAPPShalllist and define au other oc Checks and/or procedures (e.g., blankS. surrogaxes, con:tOis. etcc) used tor the project, both field 
and laboratoly. 

6,5 For eacn specified ac check or procedure, required frequencies, asso(:i;rted ~ critena, ancl ®rrectiveactlons to be perfonnecf it 
acceptance alef'ia are not met shall be included. 

SECTION 7.0, DATA REPORTING. DATA REDUCTION, AND DATA VAliDATION 



Page6 of9 

7.1 The reporting requirements (e.g.. units, ~<tpolting method (wet or dlyD tor each measuremenl and matrix shall be identified. 

7 .2The daiverables expected from ~ cnganiz;Woo responsible for f~ and labonitory activities shall be listed. 

7.3 Data redletlon procedures specific to 1he project, end also specific to each organlzallon. shal be summarized. 

7.4Dsta vafidaliOfl procedures specific to each organization used to ensure the reporting Of accuate.project data to internal and external dents 
shall be summatlzed. 

7.5 Data stol'age m<~Uirements for eacn organiZatiM shall M provided. 

7.6 The proc!uCl c!Qcwnent that will be prepared for the~ $hal be $Jiecified (e.g., journal article, final report. etc). The COillenUI of lhis 
doaJment can be referenced to a NHSRC or prilgram-spedfic OMP. if appropriate. 

SEC110N 8.0, ASSESSMENTS 

&.1 The OAPP $tlall identify a£ sdleduled audits (i.e., both technical system at.'<lits [TSAsJ and performance evaluations tpEsJ) lo be performed. 
who \lill pertmn lhese audits, and v.tlo wil receive .!he. audit reportS. 

8.2The OAPP shab provide procedures that are to be rolfowed lhat will ensure that necessary correcnve actions wi1 be pedonned. 

8.3 The responsible party(-ies}·tor implementing corrective &<."''lonS shaU be identified. 

SECTION 9.0, REFERENCES 

Reteteoces shaH be proVided either in the body of !he text as footnotes or in a separate section. 

NHSRCQA 
To the Sutement ofWork 

Requirements/Definitions list 
EPAs Quality System Website: bttp:f/www.epa.aovtguafjty 
EPA's Requirement& and Guidance Ooc:uments: h!te:ll!yw:w.epa.gov/guality/ga does.html 
EPA's Quality System Website: htto://VIWw.epa~gOV/qt@Jitylgs:cfoesltS-finatP<If 

Attachment#2 

In acconlanca with EPA Order 5360.1 Ai, conformance to ANSI/ASQC E4 must be dem01l$tlated by submitting the quality documentation 
~·herem, All Qwlity dOcumentallen shall be submil!ed to the Government for review. The Government \\ill (eview and rettlm the 
quality documenttltion. with comments. and indiCate approval or disapproval. If the qualitY ®a! mentation is l'lot appll)vEd, it mli$l be revi&ed 
to address au c;onlments and shall be resubmitted to the. Government for approvaL Work involving enVironmental data Colleclion, genen~tion, 
use. Ot~ shall not. ®ll1mellCe until !he ~ .~ aJlPI'OV(t lfle quality doQm:mtation. The Quality ASsuranoe PIOjeet P1an 
(QAPP) llhaR be s!JI)mitted to the Government at fe8at tfliity (®) days prior to me beginning of at\}' enVironmental data gallleting or 
generatiOn activitY In order to .allow Sl4ficient time for UIViilw and revisions to be complete(!; Mer the Government Ita$ approved the quallly 
documentatlon..the Contractor shall also implement it a$ written and approved by the Government. 

NHSBC's Qua!lty System Spgeiffcations for Bttr.lmural At;tlone-

Theso roqulrements typic;aiiJ pertaih to single project efforts. The five specificatiOns ar&: 
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(1) a description of the organization's Quallty Systsm (QS) and Information ragardlng how this QS is documented, 
communicated and Implemented: 

(2) an organizational chart allowing the posftlotl of the QA function; 
{3) delineation of the authority and responsibilities of the QA func:tfon; 
(4) the background and experience of the QA personnel who wiff J»as~~igned to the l)l'l)ject; and 
(5) the organization's general approach for accomplishing the QA a~lfication. in the sow. 

NHSRC QA Requirements/Definitions List 
Category Level Oesignatlons (determines the level of QA required}: 

0 
D 
~ 

0 

category I Project-appliCable \0 stu<:ies pertormod to generate data um for enfor<:ement activilies, ll!lgation, or researc:b project 
involving human subjects. The OAPP shall address all elemellts llstad In "EPA Requlrement.s for OA Project Plans, EPA QAJR-5. 

Category n·Project • applicable to studies pedormed to generaie data used in suppon of the development of environmental 
regu!atio.'\s or standards. The QAPP Shaft address all elernenls listed in "EPA Requirements for QA Project Plans, EPA OAIR-5. 

category Ill Project- applicable to projects involving applied ~eSearch or technology evalUatiOns. The OAPP shsll addless the 
applicable sadions of "EPA Requirements for QA PrOject Plans, EPA OAIR-5 as outlined in tile NHSRC's QMP: QAPP 
requirements for the speeific project type (see below}. 

category IV Project- appicable to projects invoMflg basic research or pr$1iminary <lata gathering activities. The OAPP shaD 
address lh8 applicable sedlons of "EPA Requirements for OA Project Plans, EPA OAIR-5 as outlined in tile NHSRC's QMP 
GlAPP requirements for the specific project type (see below). 

Project Types: 
These outlines of NHSRC's QAPP Requirements for various project types; from Appendix B of the NHSRC QMP (except whece 
otherwise noted), are condensed from typically applicable section& of R-6 {EPA Requirements for QA Project Plans) and are 
intended tosefVeas a starting point When preparing a QAPP. These list$ and their format may not fit eveJY reseaiCh scenario and 
QAPP's must conform to applk:able sections of R-5 in a way that fully des;;t~be$ the researett plan and apprQpriate QA and QC measures to 
ensure that the data are of adequate quality and quantiJ to fit theirintencfed p\l!'I)Ose. 

B 
D 
0 

Applied Research Project- pertains to a study petform&d to generate data to clemonstrale the performance of accepted 
processes Ot techOOIOgies. under defined conditions. These stUdies are often pilot- or fietd..scale, The OAPP shall address aD 
requitements riSted in •QA!>p Requirements for Appf'led Resea!Ch Pmjeds" fromAppendllc Bot the NHSRC QMP; 

Bask: Research Project-pertains to a study performed to generate data used to evaluate unpr0l181l theories, processes, or 
~~ ~studies ace often beneh·scale. The (lAPP sbal address all requirements liSted in "QAPP Reqlitflltlellls for 
BasieResearcll Projects." from Append"IX B of the tfiSRq OMP. 
Design. Collstruction, and/or Operation of Erivirom'lu.tntal Tecf1nology Project· pertains to environmantaltedli!OioiY 
designed, c®strulited andlor operated by andlor for EPA The OAPP shall address requirements in tile EPA 6tlaiity System 
dOcutitelt *Guldanceon.Quality Assurance for Environmental Technology Design, Construction, and Ol*atien" G-11, at 
bUR:IIwww.epa,govJgJalilylOS-dQCS!g11-final.tJ!ipdf. For additional infonnation. you may referto Part C of "Specificatfi)nsand 
Gtlidelines fot Quality Systems for Environmental Data CcUectiOn and ·Environmental Tec:bnology, • ANSIIASQC E4-1S94, American 
SoCiety for aualityConttol, Milwaukee. WI, Janual)' 1995. 

Geospatial Data Quatil;y As®rance Project • pertains to data colledion; dal& J)l'OCe$ing and analysis; and data validation of 
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u 
D 
D 
D 
D 

D 

geospatial app!"Jeations. The QAPP shall addreis requiremenb in the EPA Quality SY$tem lfWJmem "Guidance for ~tial 
Data Quality AssUrance Project Plans* G-58 at http:tmww.eoa.govlqua!ity!QS-docsla5g=fjna!..Q5 pdt 

Method Development Proje(;t • pertail& to situations where there is no existing standard methOd, or a standald method needs to 
be significantly modified for a specific application. The OAPP shall address all requirements listed in "OAPP Requit«nents for 
Metltod DeveJcpment Projects" from Appendix·B of the NHSRC QIW>_ 

Model Development Project· includes all types of mathematical models inctuding static. dynamic, deterministic. stochastic, 
mechanistic, empirical, etc. The. OAPP shall addresS requilements in the EPA OUaJity System document "Guidance for Quality 
Assurance Project Plans for Modeling" G·5M at h!lp:/......_.epa_gov/gualilV/QS:dO!?WSrn-Fmtpi:lf. 

Sampling and Ana17$is Pro~· pertail'l$ to the w!!ectilm il1d aoaly$i$ of $Mlpi~Ji wilb !10 objec!ives other Ulan to provide 
characterizatio:t or monitoring information. The OAPP shall address all requirements li$ted in "QAPP Requirements for Sampling 
and AnalySis Projects" from AJ>pendix B of the NHSRC QMP. 

Secondary Data Project· pertains to envitonmental data collected ftom olbar sources. by or· for EPA. that ara used for pupose$ 
other than ti\Ose· origlnally intended. Sources may induce: literature. industry surveys. compilatior.s from computerized databases 
and lnfolmation systems, and computerized or mathematical models of environmental processes. The OAPP sbaU address au 
requirements listed in "OAPP Requirements for Secondary Oats Projects" from Appendix 8 of the NHSRC QMP. 

SGftware Development and Data Management Project· pertains to software development. software/hardware 
systems developmer.t, _database design and maintenance, data validation and verifica~ systems. The QAPP shaQ ad<fress all 
requirements listed lri "QAP? Requirements tor Software Development Projects"1rom Appendix B of the NHSRC ONP. 

Definitions: 

Environmental Data· Tllese are any measurement or information that descrite environmental J:-J:OGesSes, location, or conditions; ecolOgiCal 
or health effects directly from meawremElflts. produced from software and models, and complied from other sources sudl as data bases or 
the litelature. For EPA. envitonmental data include information colfeded directly from measurementS. produced from so!tware artd models. 
and compiled from other sources sudl as data bases or fltetature. 

Incremental Funding -Incremental funding is partialf.mding, no oew work. 

Quality Assurance (QA)- Quality assurance is a $ysten1 of management actMties to ensure that a process, item, or serilcels oflhe type 
and qtiality needed by the customer. lt.deals witll setting policy and running an admitllstra1ive system of management controls that cover 
planning, implementation. and review of da!a colleCtion acthiilie$ alld the use of data In decision making. Quality assurance i$ just one part of 
a quality sysranl. 

Quality Assulance Project Plan (QAPP) ·A QAPP is a document that describes the necessaJY quallty ass1;rance, quality. control. alld other 
technical actNities tha!ITIU$t be implemented to ensure ~t fro rewlb of !he_ wo!'!t p¢Qfl'l!ed wift. ~t~fy !he. stated perfO!rnanw «ite!'ia. A 
OAPP <focuments projecl-specific information. 

Quality Control (QC} • Quality control is a te<:l:lnical function Ulat il1cludes all the SCientifiC precautiOns, such as calibratiCns and duplieatior.s. 
\1otlich are needed to acquire data ofltnown and adet}uate quality. 
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Quality Management Plan {QMP) -A OMP is a document that describes an organizatlon'slprogram's quality system in terms of the 
organizational structure. pof~ey and procedures, functional responsibilities of management and staff, Iiles of authority. an<f f8®lted interfaces 
for thOse planning. implemen11ng, documenting. and assessing au activities ~ A QMP documents tbe ollerall organizationiprogram, 
and is prim8rily applicable to multi-year, multi-ptaject efforts. An organl%atlon'stprogram's QMP shall address aU elements lisled in the 
'Requirements for Quality Management Plans" in Appendix B of the NHSRC QIAP. 

Quality System ·A quartty system is the means by which an organization manages its q~:ality aspects in a systematic, organized manner and 
ptOVides a framework for plaming, hlplernenting, and assessing wotk performed by an organization and for carrying out ~equirud quafity 
assurance and quality control activities. 

R-2. EPA Requirements for Quality Management Plans (EPA/24018..011002) March. 2001 http:Uwww,epa.govfoualitv/QS.docslf2-final.pdl. 

R-5. EPA Requitements for Quafrty Management Plans (EPA/240/B-011002) March, 2001 http:J/www,eDa.90Vfouality/QS.docs/r5-finaLQdf 

Substantive Change- Substantive change is any Change in an activity that may alter the quality of data being wed, generated, or gathered. 

Technical Lead Penson (TLP) - This pel'$01l is Jecllnically responsible for the project. f<7 extramural contract work. the TlP is typi::aDy tile 
contracting officer's representative (COR) For intramural mrk. the TIP is typically the Principallnvestigatcif. 

Abbreviations: 
COR Contracting OffiCers Representat'Ve lAG Interagency Agreement 

NHSRC National Homeland Securit)' Research Center QA Quality Assunmee 
NRMRl NatiOnal Risk Management Research Laborator}' QAM Quality Assurance Manager 

QAIO Quality Assurance ldentifatlon 
QAPP Quality Assurance Project Plan 

as Quality System 

TtP Technical Lead Person 

Atfactment #2 to the Statement ofWorll 
Revision 1. March~. 
NHSRCOSio2 

QMP Quality Management Plan 

sow Stalement of Work 

CRAOA Cooperative Research & Development Agreement 



'. 

Unllod 6\otao Envlronmentel Pro~on Agonc:y 
Work Al;&lg~ment Number 

i- l \ A EPA 
Welllllnglon, DC 20460 

~ Work Assignment [81 Olhet 0 Amendment Number: 

Contract Numtw I Coni/act PeriOd O'Vo 1/ I 0 - 09/.3 I / I \ Title or WOIII ""lonrncnii&F= Sito Name 

EP·C·1()..()01 t Option Poriod Nl.a'llber I Experiments for Oecontamlnation of M 

COtrtra~lor I Soocllv Sacllon and POilloraoh or Contract sow 
Battelle 

PuflXlSO: I8J WcdAsslgllllltnt 0 Work As&lgnment CIOM.OVI Pe110d ol Portonnance 

~13 I II\ 0 WOIII Asslg~~~~~en\ Amendment 0 Incremental Fun~liiQ 
0 Wollt f'lon Approval F""" 10/~1/1 0 To 

Co!WMIIIR: Full WA 11tle: Experiments for OecontamlnaUon of Materials wlth Ozono Goo in the Prosenco of Valft:.ous Organic*' r"""' L - (~' ~, 

0 SUperfund Accounting and Appropriations Data 0 Non·Superfund 

(~~~ [ 221 
Nolo: 'To toporl edditronol•~countlng end IPPfOPfl~lioni date~.: Ef'll Fann 1901Hl9JI. 

! OCN Budgei/FY 1\ppropriatbn Budgel Or;/Codt Praomm EID11!4nl ObjO<t~lS Amount (Ooll.m) (~on !G) SllaiProJect Cost OtgiCodo 
(Mtll8) (Maa4) Code. (Max 8) (Max 1) (Malt9) (Mox4l (Maa8) (Max 7) 

I 

2 

3 
f- -------

4 

s 
Authorized Work Asaignment Ceiling 

Conl18d P$riod: Cosi/FH: LOE: ~qs- LOE 
Thi$AI:.11orr. 

Total: 

Work Plan I Cost Estimate Approvals 
Conlrllclot WP Dilled: C01t1F": lOe: 

Cvmvtllllvo Af>pr<Ne¢ Coat/F«ro: LOE: 

Wor11 Assignment Manager Name ~a, J-~ Branch/Mall Code: g; .J (Hi-t? I. 

~~~Gkt/] 9/JZN-' Phone Number: Q/<1- CQ.I'.-~a/ 

919- t""tJI- ~~96 lOiltoJ FAX Number: 

Projoct~me ShtM'\r-0'\"1.. ·~ q /2..1/10 
Branch/Mall Code: t:l.JMD I £3Y 3~0 b 

).A ~ Phone Number:'"\ \ C\ -c.;4 \- ~ ~ I I 
FAX Number: q,q- 5~,...}\-() '-\q ~ /"'\ ISigna/UteJ <...) {0118) 

OtherllgOflCY~ lr& lf!JJlJ.o 
Branch/Mall Code: DC., .Mb f £3 '1 3 ..() v 
Phone Number: '\ \ q - ~·lh -0 b ~ '-\ 

(S/tii!I!ICMJ .IDI/81_ ,.. FAX Number: Q~ <\-~~)- b '1C!.Io 
con~ng~IName 

L~~Lla 
Branch/MaUCodo: ( P II D 

~J."''Q ~ .... / Phone Number: S 11' '-Ill? ,J6J1 

ISionltlcmJ (/ 11 {0BI!fl FAX Number. 
Work Assignment Fonn. (WebFOI'I'II$ v1.0) v 



I. TITLE 

STATEMENT OF WORK 
Contral!t EP-C-10-081 

Decontamination of Materials with Ozone Gas in the Presence of Vaporous Organic 
Compounds 

II. PERIOD OF PERFORMANCE 
'The period of performance for the contract shalf bC:.,.it~ ,. · fTom the date of award. +h rooj h 
Avsvs+ 3\ 1 L.o\\"' 

Ill. SUMMARY OF OBJECTIVES 
This work will provide data on the effectiveness of gas phase organic compounds 
addition on ozone decontamination process to inactivate B. anthracis spores on different 
materials. 

IV. RELEVANCE 
The results of these tests will provide the decontamination teChnology user and 
stakeholder with high quality, peer-reviewed data on the effectiveness ofoz.one.gas to 
decontaminate building materials contaminated with B. anthracis and a surrogate (8. 
suhtilis). The results ofthe work wiJI be made available to the homeland security arid 
emergency response community through· published reports, j oumal papers, and/or 
conference presentations/proceedings. The information will also be used to develop 
guidance documents pertaining to specific threat agents and release scenarios. 

V. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting 
human health and the environment from accidental and intentional releases ofhazardous 
and toxic materials. According to Homeland Security Presidential Directive. I 0 (HSPD-
1 0), the BPA is tasked with developing strategies, guidelines, and plans for 
decontamination of persons. equipment, and facilities following a bietlogical w~pons 
~k. fn response to this directive, the EPA Offite of R:e.search .and Oev~;;lopment 
(ORO) National Homeland Security Research Center's (NHSRC) Decontamination 
Consequence Management Division (DCMD) is investigating methods atldt~cluu:Jtogies 
for the inactivation of spores (e.g., Bacillus anthracis Ames) on materials/surfaces. 

Some organic compounds are known to react with OJ. and produce reactive species(e.g. 
hydroxyl radicals)~ which may be highly effective sporicides. This approach may be 
more effective than 03 gas by itself. A commercial technology utilizes this approach, 
although at low concentration of03• Higher concentration (5000- 10,000 ppmv) of03 



would be used for this study. This study will investigate the potential synet·gistlc effect 
of OJ when it is used with reactive gaseous organics for biological agent decontamination. 

VI. SCOPE 
The purpose of this study is to investigate the use of ozone with reactive gas phase 
organic compounds during o:tonc decontamination process to inactivate B. anthrt:~als 
spores on different types of materials. Sufficient replicates, blanks, and positive controls 
shall be used. consistent with standard microbiological and quality assurailce procedures, 
past work conducted by the contractor. and studies being currently conducted by the 
contractor. 

VII. TECHNICAL APPROACH 
Test materials contaminated with biological agents shall be decontaminated using gas 
phase organic compounds with ozone in a testchrunber. For ea.ch decontamination test, 
the effort shall include the recovery of viable spores from the selected materials surface 
before and after decontamination. F'ive replicates for each agent-material combination 
shall be included in each experiment. All experiments shall be approved by the EPA 
work assignment manager (WAM) prior to commencement. Te.o::t and analytical methods 
shall be adopted from past or on-going.efforts, in consultation with the WAM. 

VIII. TASKS 
Task 1. Sele.:tion of Vaporous Organic Compounds 
The contractor shall prepare a Quality Assurance Project Plan (QAPP) in accordance with 
http://www.epa.gov/quality/qs-dooslrS-finaJ.pdf or based on the type of research that is 
being conducted. This QAPP shall include a comprehensive work plan and a timetable 
for completion of the work. In this plan the test matrices shall include.g,eneral test 
procedures. chamber operation, ozone generation and measurement, gas phase organic 
compound generation and measurement, lnbomtory blanks. positive controls,. and 
procedural blanks in addition to the test coupons. The QAPP shall be submitted to the 
EPA W AM within 30 days of award ofthe task order and the p.lan shall· be approved by 
the EPA QA officer prior to work with each decontaminant technology. 

Task 2. Conducting Experiments 
The contractor shall conduct experiments to quantitatively determine the effectiveness 
(log reduction) of inactivating R anthracis (Ames strain) spores and one suiTQgate specie 
(B. subtilis) on different material coupons using ozone gas. If pPssible two agents wUJ be 
decontaminated at the same time during decontamination tests. Three mi\terial types 
shall.be used for testing, and shall include glass, wood, and metal ductwork. The 

·experimental matdx shall include tests to be conducted with one to three different organic 
compounds with two different concentration levels for each compound. 

Constant concentration of organic compound shall be introduced. continuously to a test 
chamber and the input level shall be monitored throughout the test period. Organic 



compound generation and measurement method is described in the study by Lambe et al. 1 

and the contractor may consider the method .in this research article as guidance. The tests 
shall be conducted at one ozone concentration, one contact time, and one relative 
humidity (RH) level. 

The first organic compound type and other test conditions will be provided by the W AM 
at the time of developing the QAPP. The remaini.ng test conditions will be dctellllined 
based on the results of the first experiment and provided by the W AM. Tests shall be 
conducted in a chamber with a sufficienl nwnb~r of replicates, positive controls, and 
blanks. A qualitative assessment oflhe impacts this technology has on the coupon 
materials (such as structural damage, surface degradation, discoloration, odor, and other 
aesthetical impacts) shall be noted for each test. 

Tnsk 3. Reporting 
The contractor shall prepare a test report (a draft for WAM review and approval; a 
revised draft for peer and QA review; and a final) be which shaU include the test 
conditions, methods, quality assurance, and results of tbe tests conducted per the 
requirements of this SOW. The report shall also include a brief description of the gas 
phase organics and ozone generation. in terms of its operational features pertinent to the 
potential user. The report shall confonn to the requirements of EPA's Handbook for 
Preparing Office of Research and Development Reports (BPA/800/K-95/002). 
Substantive portions of this handbook can be found at www.epa.guv/nhsrc under the, 
policy and guidance tab. 

Laboratory data shall be transferred electronically to the EPA W AM after the conclusion 
of each trial or series oftests. These data shall include, but not be limited to .. ozone level, 
temperature. RH, vaporous organic concentration (the raw peak areas from the mass 
spectra, and calibratio11 data sets for the OC-MS), am.l viable organism counts for test and 
control coupons. 

IX. QUALITY ASSURANCE 
The awardee shall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action, see 
attachment # 1 and #2. The contractor shall prepare a QAPP in accordance with 
http://www.epa.gov/qualitylqs~docs/r5-final.pdfor based on the ~ype of research that i.s 
being conducted. For guidanct: on preparing a research-specific QAPP, the preparer 
should refer to the project specific requirements provided inNHSRC's QMP. The 
QAPP must be approved prior to the start ofany laboratocy work. Additional 
infonnation related to QA requirements can be found at www,!i!p<t.f;!.Uy/yualit~. 

1 Andrew T. Lambe,jieyuan Zhung, Amy M. Sage, and Neil M. Don!lhu.c, 2()07. Cqntrqlled OH radical 
Production via Ozone-Alkene Reactions for Use in Aerosol Aging Studies. 41, 2357·2363. Envlronmenlal 
Science and Technology 



X. DELIVERABLE SCHEDULE 
Task Begin date Completion Date 
1. QAPP As soon as WA awarded 1 month after WA awarded 
2. 1'estin2 Completion of QAPP June30 2011 
3. Report Completion ofQAPP August 31 , 2011 
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NHSRC QUAUTV ASSURANCE ~UmeMUfl'S FORM 
Attachment 1 to the Statement of Work 

1 GENERAL lNfORMAUON 

11tle: Experiments for Deoontamination of Materials with Ozone Gas In the Presence of vaporous 
Organic Compounds 

Description: The effect of organic vapor for ozone gas decontamination will be investigated to <!etermlne 
efficacy in inactivating Bacillus anthracis spores on a variety of materials. 

Project 10: DCMD 3.108 

StatUSf Original 

Plumber Ammended; 

QA category; Ill 

Action Type: Extramural 

Peer Review Ostegory: IV 

SecUrity Classification: UnClassified 

Project Type: Applied Research 

QAPP Status 1: 

Yehicle Status: 

Vehicle Type: 

Not Delivered 

EXisting VehiCle 

Vehide Number: 

Work AsSignment Number: 

Delivery/Task Order Number: 

ModifiCation Number: 
Other. 

EP·C-10·001 

N/A 
N/A 
N/A 
N/A 

If you are processing an ZAG or C~DA. tile responsibility for QA must be negotiated witnin the agTeelTlelft. The 
TLPs in consultatlOil with the QAMs in the vario!JS organizatiOns most agree .on, and doalment, whiCh organization wiH 
take the JeadforQA; the names of: the QAH and TLP from each organliation, and the QA requirements that will be 
adhered to during the agreement. Jndude tills f.?fO in the IAG/CRADA package. 

II SCoPE Of WORK 

Yes Does the Statement of Work contain the appr~ QA 'language? 
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The awardee shall comply wR;h all requ1rements as delineated on the •quality Assurance Planning Requirements 
Form (QARF}"' lnduded with this extramural action. The contractor sha!l prepare a QAPP in accordance with the 
R-2 and R·S and/or the attad\ments provided with the SOW. The QAPP most be approved prior to the start of 
any work. Additional informatiOn related to QA requirements can be found at 
http:f/www.epa.gov/qualitv/QS·docs/t"S-finalpdf 

Yes Does this extramural action involve the collection, generation, use, and/or reporting of environmental data; the 
design, construction, and operation of environmental technologies; or development of software, models, or 
methods? 
(If.No" then skip to Section Iv, and Sign the form.) 

No Will the SOW or any subsequent work assignments or task orders involve any cross-organizational efforts 
within EPA? 

No Has a QAPP already been approved tor the activities specified in the SOW? 

No Is an applicable QAPP In the process of being prepared, revised, Qr approved by EPA personnel for fu.ture use 
by the contractor? (QA approval must be obtained before the contractor can start work.) 

m QA DOCUMENTATION OPTIONS 

All documentation specified under -Other"' must be defined in the NHSRC Quality Management Plan and be consistent 
with requirementS deftned in EPA Manual 5360 Al. For all items checked below, there must be adequate information In 
the SOW (or its appendices) for the offeror to develop this documentation. Where applicable, reference a specific 
section of the SOW. (R-2 refers to CPA Reauirements tor Oualrtv Management Plans (QAIR-21 (EPA/240/B-Dl/002, 
03120/01) ant! R-5 refers to EPA Bequitements for Oualitv Assurance Protect Plans (QA/R-5) (EPA/240/B-()1/003, 
03!2()J(}1). Copies of these documents are avanable at htto:/lv.ww.eoa,ggvl(]tlilflty/qa docs.hrmt. ) 

After Award Oocwtlentatfon 

R2 

R2 andRS 

RS 

Documentation of an organization's Quality System. QMP developed in accordance with: 

Combined documentation of an organizatial's Qualicy System and application of QA and 
QC to the single project covered by the contract: Developed in accordance with: 

Documentation of the application of QA and QC activities to applicable project{s). 
DevelOped 1n accordance with: 

Programmatic QA Project Plan with supp~ments for each specific project, developed in 
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accordance with: 

Not Applicable Existing documentation of the application of QA and QC activities will be used: 

IV SIGNATURE BLOCK 

The Signatures below vertfy that the Statement of Work {SOW) has been reviewed to ascertain the necessary QA and 
QC activities required to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
CO.~ wiU ensure that the quality requirements indicated on the previous pages of this form are. incorporated into all 
associated SOWs. (Sign/date below, obtain a concurrence signature from the QA Staff, and submit the form along 
with rhe other extramur.tt actiOn documentiJtlon.) 

~:4~~ .- , lf1m~ ~~ <t/n-fto 
Sangdon Lee 09/08/2010 

NHSRC ·DCMO Technical leao Person Oate 
Eletha Roberts 

NHSR.C-10 QA Staff Member 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from Appendix B of lhe NHSRC QMP) 

09/08/2010 
Date 

An appfled research project is a Stuty to demonstrate the pedormance d technologies under deSned cond'llions. These studies are often pilot· 
or field-scale. The.following requirements should be addl:es$ed as applicable. 

SECTIONO.O, APPROVAl BY PROJECT PARTICIPANTS 

The EPA Technical tead Pelson (TlPJ shall be responSi!lle for obtaining signatures of approPfiateprojed participants on tlles"lgll8lUre page 
of theCA plan. documenting agreement to project OOjecUves and the approach for evaluating these oijectives. 

A clislributlon fist sbat·be provided to fao1itate the distft1rutilm of the most recent current version of 1lle QAPP to all the prir1cipal ~ 
IJ8I1idpants. 

SECTIO.N 1.0, PROJECT DESCRIPTION AND OBJECTIVES 
1.1 The pulpOSe of study shall be clearty stated. 

1.2The process. site, fa:ilily, and/or envlronme!UI system to be tested shall be described. 

1:3 Project Objective$ Shall be Clearly stated and identified as primaJY or ~100-P~imary. 

SECTION2,0, PROJECT ORGANIZATION 
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2. 1 Key points of contact for each Ofg!ll'liz;atio involvee in the projeCt Sl'lall be identilled. 

2-2 All QA Managers and their relationship h the organiZatlors (i.e.. location wi1hin each Otganlzation) shall be ldeolilied with evidenc:elhat the 
QA Manager is independent of project management. 

2.3 Responsililities of all 01t1et projl;lct panicipants and their relallor,shjp to Olher project parlidpanls Shall be i;fentified, meaning that 
organizationS respon$1ble fofp~Elooing, coordinatiOn, ~pie colled!on, :llfllPiecustoJy, measurements {le .. analybl, p!lysid!l, and process), 
data r~uctlon. data ~tlon, and report preparation shall be cleatly identified .. 

SECTION 3.0, EXPERIMENTALAPPR0.6.CH 

3.1 Thegel'lelal approach and th&fest conditions for each experimental phase shall be provided. The statistical methods that will be used to 
evaluate the data (ie .• AAOVA. or SI.IM1SIY statislics) sbould be identified. 

(NOTE: As deemed appropriate to the projeCt by the TLP, me information requested n Sections 3.2. 3.3, and 3.4 may be presented here ¢tin 
Section 4; !he information requested in Sections 3.5 may be presented here or in Section 5; and t!le information rec,JeSted In Sedlons 3.6 may 
be presented here or in Sectior. 7 c} 

3.2 The sampmg strategy shall be included and ev!dern:e must be presented to demooslra1e that the strategy is appropriate for meeting prinwy 
project objedives. i.e .• a deScription of the statlsti::al method or scientific rationale used to select sample sites and rumber of samples shall be 
provided. 

3.3 Samplingfmonibring poinls for au measurements {le~ including localioos &ld aocess points} shall be idenlilled. 

3.4 The frequency of sampling/morlitllring events. as 'Neil as lhe numbers for each sample type and/or location shall be provided, including QC 
and reserve samples. 

3.5 All tneaS~.~~ements {le., analytical [chemical, mlctobological. assays], physical. and process) shaD be idenllfled for each sample type or 
prQOQSS, and project-specific target mtalytes shall be Hsted and classified as ai1ic8l or nooaitiCal in the <lAPP. 

3.6 The plaMed approach (statlslical and/or non-statistic:al) for evaluating project obje::liYes shall be inducled. 

SECTION 4.0, SAMPUNG PROCEDURES 

4.1 Wheneve: appllcable. the method USed to establish steadY-state conditions shall be des;;ribed. 

4.2 Known sile_$pllcific fadQI'S that may affect sampling/monitoring procedures shall btt described. 

4.3 Any site preparation needed prior to-samplingimoniloritlg shall bi! desaitlel1. 

4.4 Eadl sampling/monilcr!nS procedure to be used shall be discussed a referenced. If~ or splitting samples. thoSe procedures shall 
be described. 

-4.5 For sati'IJ)Ies requifing a split sample for either ONOC pt.KPOSeS or for shipment to a different laboratory, the OAPP shal ide!1tify \Wio is 
respoosible for splitting samples. and where the splitting is peiformed (e.g., field versts ISb). 

4.61f samplingfmonitoring equipment is used to cOllect critical measurement data (ie~ used t<J cak:Ulate the fmal concentration at a crllical 
p;~rameler).lhe QAPP shall~ 11ow the sampling eqUipment is calibrated, the frequency at wtlich it is caibtated, and the~ 
dlleria for calibration. a calil:lraliO(I· verifiCation. as appropriate. 

4.71f sampling/momoringequipment is used to <:ol!ect ailleal ~data, the ClAPP shall describe how cross-contaminati between 
samples is awided. 
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4.8 The OAPP sha.1 1nc100e a dlscussion of the procedures to be used to assure that representative samples are collected. 

4.9 A list ol samplequanlit!es to be COllected. and the sample amount requited for eacl1 analysis, including QC sample analysis. shall be 
specified. 

4.10 Conwiner.i vseo for sample COIIectoo, 1ranspon, and storage tor each~ type shan be described. 

4.11 Describe how samples am uniquely Identified. 

4.12 Sample preservalion methods (e.g~ refrigeration, additlcatlon. ~).including specific reagents. equipment, and supplies required 
fot sample preservation shall be described 

4.13 Holding lime requirements shall be noted. 

4.14 Procedures for packing and $hipping samptes shall be described. 

4.15 Proeedures to maintain chain_ot_custody {e.g.. custody seals. records) during transfer from the field 1o the iaboraloly. in the 
laboratory, and among contractors and subcootractors Shall be described tb ensure that sample integrity is ma'lflla!ned. 

4.16 Sample archival requirements for each relevant«ganizatlon shaU be provided. 

SECTION 5.0, TESTING AND MEASUREMENT PROTOCOLS 

5.1 Each measurement methoc:! to be used shall be desaibed in de\ail or feferenced. ModifiCations to EPA_appro\led or similarly vafodaled 
methods shall be specified. 

5.2Fortll'1{)ilWen methods, verification data applicable to~ matrices shill be included in the QAPP meaning the OAPP shall provide 
6Yidenat that lhe·proposed method ls c8pable of achieving the desired perfocm9nce. 

5.3 For measurements wflicb require a calibrated syste:n, theOAPP shall include specific calibration procedtr.es~ to each praject 
l8lget analyle, and the procedures for verifying bolh lnilial and contiluing callbrations(ll'lduding frequency and aeceplan1;e criteria, and 
correc:tive actions to be performed If acceplance criletla are not met). 

SECTION 6.!), QA/QC CHECKS 

6.1 At a minimum. lhe QAPP shal include quantitative acceptance criteria for OA objectives associated wittl accuracy, precision. deteclion limits, 
and cOOlpleteness for clitical measurements (process, physical. and analytical, as applicable) for each matrix. 

6.2Any additional project-spea1ic QA objedives-shall be presented, including accep!Mce c;rlteria. This i.'ldudes items sucnas mass balance 
tequlrements. 

6.3 The specilic procedures used to assess aft idenl.ified OA objectives shall. be fully desctil:led. 

6:4 TheQAPp shilft list and define au other ac checks and/or Jl(Oeedures {e$. blanks. surrogates, con:tols. etc:) used for the project, both field 
alld labOralOry. 

6,5 For each specified ac check or procedw'e. required frequenclB$, assoel;lted ~ critena, allil CO!Tectiveadfons. to be perfOrmed if 
~no&qilel'fa are oot met shall be included. 

SECTION 7.0, DATA REPORTING, DATA REDUCTION, AND DATA VALIDA nON 
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1.1 The reponlng reqWelnents (e.g., units, reporting method {wet or dzyD for each measurement and matrix shaH be identified. 

7 2The deiverables expected from ea<:h organization responsible for field and laborliltory actM~ shall be listed. 

7.3 Data reGJclloo procedures specific to 1he project, and also specific to eact1 organization, stlal be summarized 

7.4 Osla vafdalion procedures speCllc to each OTQartllation used'<> ensure the reporting of accuate project data to intfl1'1'181 and external dents 
shall be summarized. 

7.5 Data storage requirements for each crganlZatlon s!lall b& proVided. 

7.6 The proc:1uct dOWment lhat wiA be prepared for the project shaJ be specified (e.g.. foumal article, final report. etc.). The contents of lhis 
document can be referenced 1o a NHSRCor program-specl&c QMP, if appropriate. 

SECTION 8.0, ASSESSMENTS 

$.1 The QAPP $1lall identify at scheduled aud'ltS (I.e •• bott1 tectmical system atidits (TSAsJ and performance evaluationS tpEs]) to be performed, 
who \1111 per1otm lhese audits, and \\no wiii'E!Ceivalhe audit reports. 

8.2 The OAPP shall proVide ProoediXeS that are to be rolfowed lhat will ensure that necessary careclive actions wil be perfomled. 

8.3 The responsible party( -ies) for implementing COJmCtive actions shall be identified. 

SECTION 9.0, REFERENCES 

Refetenc:es shall be provided eilher in !he body of lhe text as footnotes or in a separate section. 

NHSRCQA 
To the Statement of Work 

Requirements/Definition$ List 

Attachment# 2 

In accordance witt; EPA Order 5360.1 A2. conformance .to ANSI/ASQC E4 must be demoostrated by submlltlng lbe quality documentation 
descObed herein. All Qualit)' documentation shall be $Jbmi!!ed to the Govemme.nt for review. The Government \\(U review· and retum the 
quality documentlilion. With comments. and indicate approv4 or disapproval. If the quality documentation IS not ~VEd. it must be revised 
'<>address all comments and shall be resubmitted to lhe Govemment for approval, .Work lnvol1!ing envirolll'®ntal data collectiOn, generation, *· Qf rQJXlftin9 shalt not ~!Hlte until the Government ~approve the quality dOIM'Ilelltaffon. The Quaflty Aasura~ Project Plan 
(QAPP) shaD be sUbmitted to ibEI'Goverriment at least UliltY (30) days prior t91he beginning of any environmental data gathering or 
generatiOn activityi!t order to allow suffiCient time for reVieW and revisions-to be ~eted: After !he Govemmentha$approved thequaiHy 
docufflenlatlon. the Con!ractor shall also impJement it as wrilten,and approved by the Govemmoot. 

NHSBC's QualltvSVstem Speefflqatio!'!$ for &tr;!muraf Aetlom-

These requirements typically pertain to single project afform. The live specifications ar&: 
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(1) 

(2) 
(3) 
(4) 
(5) 

a description of the organization's Quality Systam (QS) and Information regarding how this QS is docwnented, 
eol!lmunlcated and fmplemented; · 
an organizational cllart showing the post~ of the QA function; 
delineation of1he authority and responsibilities ofthe QA function; 
the background and experience .of the QA personnel who will ba assigned to the project; and 
the organization's general approach fOf accomplishing the QA specffieations in the sow. 

NHSRC QA Requirements/Definitions List 
Category Level Designations (determines the level of QA required): 

0 
D 
[3'. 

D 

category I Project - applieabte 1o stii1Jies pertormod to ge!le!Gto dala u$ed for enforcement ~ities. litigation, or research projeCt 
invollling human subjects. The QAPP shaU addtess aU elements llstsd In "EPA Requlrement.s for QA Project Plans, EPA QAIR-5. 

Category II Project· applicable to studies performed to generate data used.in suppon of the development of environmental 
regu!atio.'lS or standards. The QAPP shaD address all elemenls listed in "EPA Requirements for OA Project Plans, EPA QAIR-5. 

Category ut P(Oject- applicable to projects involving applied research or technology evaluaf!OOS. The OAPP shall addles$ the 
appliCable sedions d "EPA Requirements tor QA Ptojed Plans. EPA OAIR-5 as outlined in tl;e NHSRC's QMP: QAPP 
requilements for !he specie projeCt type (see below). 

Category IV Project- appicable to projects invoi'Mg basic re$ear¢ or prvlirninary c:rata gathering activities. The QAPP shall 
address :he applicable sedlons of "EPA Requirements for OA Project Pfans. EPA OA/R-5 as outllned in the NHSRC's QMP 
ClAPP requirements for the specific project type (see below). 

Project Types: 
These oudlnes of NHSRC's OAPP Requirements for various proje<:t types. from AppendiX 8 of tne NHSRC QMP (except where 
otherwise noted}, are condeJised ftom typically applfcabl& ~of R-5 (EPA Requl,.ments for QAProjoct Plans) and am 
intended to serve§ a st.artlqg point when preparing a QAPP. These lists anc:r 1heif format may not fit every research scenario and 
QAPP's must conform t9 appl~le section$ of R-5 in a way that ftiUy ~ the ~eSearctt plan and appropriate QA and QC meawres to 
ensurv that the data are of adequate quality and quantity to fiUheifintenclec:i ptrpose. 

@ 

D 
D 

Applied Research l'l!'ojed- per!ains to a study performed to generate data to demonsnte Ute performance d aceepted 
proc;esses or technologie$ under defined cortcfdioll$. These studies are often pilot- or field..seale. The QAPP shall address aD 
requirernants listed iJI"QAAPRequJi'ements for Applied Qesearon Projects" from Append{l( Bof the NHSRC aMP. 

Basic Research Project-pertains t9 a study perlormed to generate data used to ..Wafl!ale unproll&n theories, processes. or 
tedmologies. These studies are often ben<:ti-scale. The QAPP shal address all requirements listed in "QAPP Reqliremerus for 
Basic Researcll PtOjects" from Aopendix B cl the Nl-iSRC QUP. 

Design,~ an(florOperatlon of Env~tal TechnoiOQY Project- pertain$ to envfsonmental tecllnofogy 
designed. constructed and/or openited by and/or for EPA The OAPP sbal addreSs requirements in the EPA Quality System 
<locurneflt "Guidanc&on Quality Assurance for En'iifoornental Je<:lmology Design, Consttudion, and ~· G·11, at 
http1/wnw.epa,govJqaalitviOS=docs!q11-final-05_pdf, For additional.infonnation, you may refer to. Pan C of "Specificatllns and 
Guidefmes for QualitY Systems !Or En\tirohmental Osta ColleC!fOn and Environmental TeChnology; ANS!IASQC E-4-1994, Ainerican 
Society for Quality ConttOI, Milwaukee. WI, January 1995. 

Geospatiat Data Quality' Asstu::ance Project -pertains to data collection; data processing and analysis: and data validatioll of 
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D 
D 
0 
D 

D 

geospatial appf!Calions. The QAPP shall address requiremenb in the EPA Quality System oocumern "Guktance forGeospQtial 
Data Quality Assurance Project Plans" G-5S at http:/!www.eoa.gov/gu3!ity!QS-docs/g5g..finaJ-Q5 pdf_ 

Method Development ProjeGt- pertail$ to situations where there i$ no existing standard methOd. or a $tanQan:l method needs to 
be significantly modified for a specific application. The OAPP shall address all requlre:nents liSted in •QAPP Requirements for 
MethOd Deve!cpment Projects• from Appet'l(ix B ofthe NHSRC QMP. 

Model Development Proj4Jct- includes all types of mathematical models including static. dynamic. deterministic, stochastic, 
mec:hanistic, empirical, etc The_QAPP shall address requirements in the EPA Quality System document "Guidam::e for Quality 
Assurarn:e Project Plans for Modeling" G-SM at h!lp:Jfwww.epa,qov!quatity!Q$=4ocslg5rn-fmlpc!f 

S<mpfing and Analysis ProjQct • peltai!l$ to U1e w!!el;tior! ~ analy$i$ Iii $i!ll!ple$ v.ilh 110 objedive$ other than to provide 
characterizatio.1 or monitoring Information. The QAPP shall address all requirements liSted In "QA.PP Requirements for Sampling 
and Analysis Projects" from AJ!penOIX B of the NHSRC QMP. 

Secondary Data Project· peltairlsto environmental data collected tom ~r SOUr<:e$, by« for EPA. that are used for ptJ'p0$8$ 
otiler than tbose origmally lritended. Sour<:e$ may include: literature. industry surveys. compilations frcrn ~databases 
and infotmation system$. aJid computerized or mathematical models of enWonmental processes. The OAPP shaft address aU 
requireme!'lts listed in "QAPP Requirements for Secondary Data ProJec;ts" from Appendix B of the NHSRC QMP. 

Software Davelopment and Data Management Project- pertain$ tosmtware development, softwarelbardware 
systems development. datatiase deslgn ana maintenance, data validation and verifiCation systems. The QAPP shaQ address all 
requirements listed in "QAPP Requirements for Software Development Projects" from Appendix B of the NHS~C QMP. 

Definitions: 

Environmental Data • These are any measurement or information that descrille environmental processes, location, or conditions: ecological 
or health effects ~ly from meas~. produced from software and models, and compiled from ether sources suq, as data bases or 
the literature. For EPA. environmental data include infmmati:m cclected directly from measurements. prilducecr from so!!ware and models. 
and compiled from other SOtlfCeS sud! as data bases or rtlefature. 

Incremental Funding -Incremental funding is partial f.mding, no new wolk. 

Quality Assurance {QA)- Quality assurance is a system of mana;ement actM!les ta ensure that a process, item, or ser.nce is of the ~ 
and qUality needed by the custon')er. It deats-with setting poficy and I'UMing an adrninlslrative system of,management -controls that CDVef 

planning, irrll!leiMntatiOn. and review of d$!a COllection activities and the use of data In cfe<:islot1 mali:ing. Quality assurance is just one part of 
a quality sysfenl. · 

QuaJily Assutance Project Plan (aAPP}- A QAPP is a document that cescnbes the necessaryquartty assurance. qually ccntrot. and other 
technical a~ thai musl be impftlment.O tQ ~!l$1rf# th9t ~ fm!lt$ of !he. W91k ~~wiD satisfy the $latw pet(oima~ ~iteria. A 
QAPP OO<:uments projecl..spec:iliC infcri'nation. 

Quality Control (QC) • Quality controt Is a !edlnic;al function that ir.clWes ail the sci.enlifte precautions, si.tcn as calibratlcns and duplieatiorls. 
vmich are needed to acqtllre dala of known ana adequate quality. 
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Quality Management Plan (QMP) ·A QMP is a document that describes an orga~tlor'sfprogram·s quality system ill terms of the 
organizational struc:tufe. policy and procedt.ires, fUnctional responsibilities of management and staff, lites of authority, and reQUired interfaces 
for these ~ning, .implemen1ing, doeumentillg. and assessing all activities om<tucled. A QMP documents lbe overall otganizationlprogram, 
and is primsrily applicable to multl-}'ear, muJti.proJect effortS- An organl%atlon'slptogram's QMP shall address all elements listed In :he 
'Requirements for Qualfty Management Plans" in Appendix B of tile NHSRC QMP. 

Quality System ·A quaflty $ys1em is the means by vmidl an organization manages its q~oality aspects in a systematic, OtgallEad manner and 
provides a framewoik for planning, mJ)Iementing, and assessing wolk performed by an organization and for carrying out required quality 
assurance ancl quality amtrol activities. 

R-2. EPA Requin.~ments for Quality Management Pla1S (EPA/240/8..011002) March. 2001 httn:ilwww'epa.gov/ouality!QS=docslr2·fillall)(!t 

R-5. EPA Requifemenls for Quaflly Management Plans (EPAI240/B..o1f002) March. 2001 http:!/www.epa.gov/guafityiQS.c!ocslr5-fjna!.odf 

Substantive Change- Substantive change is any change in an activity that may alter the quality of data being used. generated, or gathered. 

Tedlnicallead P.etson (TlP) - ThiS person is technically responsible for the projea. For extramural contrael werk, lhe TLP is typically llle 
contractlng off~eer's «<p!esentative (COR). For intramural work. tile TLP Is typicaltythe Principal Investigator. 

Abbreviations: 
COR Contracting OffiCI!I"s Representative lAG 

NHSRC National Homeland Securi(¥ Research Center OA 

NRMRL National Risk Management Research Laboratory OAM 

QAIO Quslity Assurance ldentifiCSiion 

OAPP Quality Assurance Project Plan 
QS Quality System 

TLP Technical Lead Persm 

Attad'ment #2 to the Statemenl of Worlt 
Revision 1. Match 20M-
NHSRCOSI02 

QMP 

sow 
CRAOA 

Interagency Agreement 

Quality Assurance 
Quality AssuranC$ Manager 

Quality Management Plan 

Statement of Work 

Cooperative Resean:h & OevelopmentAgl'fi!Mnt 
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I. TITLE 

STATEMENT OF WORK 
Contract EP-C-10..001 - DCMD 3~10Dl 

Persistence and Decontamination Testing of Brucella suis. 

II •. PERIOD OF PERFORMANCE 
The period of performance for the tasks detailed in this StatementofWork·{SOW) 
shallbe until August 31,2011. 

m .. SUMMARY OF OBJECTIVES 
Tbis work win provide data on the persistence ot B. suis and on the effectiveness of 
several liquids at inactivating B. suis on environmental surfaces. 

IV. RELEVANCE 
The results of these tests will provide the decontamination technology user and 
stakeholder with high quality data on the ability of B. suis to persiston environmental 
surfaces and on the ability of several liquid technologies to decontam.inate. envirorunental 
surfaces contaminated with B. suis. At the time of writing this·WA, the.tec:hnologies had 
not ~m selected, but will likely include pH-adjusted bleach plus two non .. sporicida.f 
techn9logies such as quaternary ammonia. The JlSUI~ ofthis/wo.rk will be made 
available to the homeland security and emergency response community through 
published.tepons, journal papers, and/or conference presentationSiproc~i!l~ . JhC: 
information will also be used to develop guidance documents·pertainingto speeific non 
spere·fonnillg threat agents. 

V. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting 
human. health and the environment from accidental· and intentional releases of' haZardous 
and to;dc materials. Accordingto Homeland Security Presidential.Directive 10 (HSPD-
1 0), the EPA is tasked with developing strategies, guidelines, and plf411~ for 
decontamifUltion of' persons, equipment, and facilities fbllowing a biological' weapons 
attack. In response to this directive, the EPA OfticeofResearchand;Dcwelopment 
(ORO) National Homeland Security Research Center's'(NHSRC) Decontamination .. and. 
Conseq~e Management DiviSion (DCMD) ilt investigating m~od! at)d tecJutC)lC)gie$ 
for the inactivation of biological threat agents on materi81slsurfaces. This work Will bUild 
on the decontamination studies that have already been conduCted. 

VI. S<:OPE 
The purpose of this study ·is to investigate the ability of B. suis to remain viable on 
·envitorunental Surfaces under two atmospheric conditlo.ns .(ambient and low 
temperature/low humidity) and to assess the ability of three decontaminants to,inactivate 
B . .suiJ on environmental surftlces. Persistence and decon effectlyenesssliall.lre evaluated. 
for tb:ree.material surfaces. Persistence shall bedetennined over tivestime points,decon 
etrecti·veness at two of these five. Sufficient replicates, btan!U; and poslti¥econtrols, 



Shall be used, consistent With standard microbiological and quality assurance procedures, 
past WMJt. conducted .by the contractor• and studies being currently ·conducted by the 
contractor. 

VD. TECHNICAL APPROACH 
For each ttst, the effort shall include the recovery or viable agent from each material. 
Ten replic:ates. for each aaent-material-condition combination shall be .included irt each 
experiment All experiments described below shall be approved by the RP A,Work 
Assignment.Mwger (WAM)prior·to commenceQtent, Test·al)tl;~Y$1~~ metltodssball 
ue· adopted.trom past or on·JOing eft'ons. in consultation with the WAM. 

VDLTASKs 
The Contta(.."tor shalt· perform: 'the following tasks: 

1. ~an amendJDent to 81) c;~$ting quality assutan~E:/t!st Plan (QATP)or 
plepate'a newQATP for th.eexperiments·in>Tasb 2 relate~:tocpersis~ testing 
ari4 decontamination procc;du:tes. In addition; micro~i~log~~ .procec:tw-es, 
coupon preparation. measurement ottem.perature, relatave humidity (RH), 
neutralization of test chemicals, and .decontatnination·procedures shall be 
consistent with procedures used wtder previous projects with BPA. 

2. Conduct experiments to quantitatively determine tbe.temporal viability of B. auis 
on three envitpnmentaJ surfilce cypc;i~ ant~·detennine the 'ffectiveness (log 
reduction) of:inactivatingB. suis on these surfaces with ~:-4Jfferent liquid 
decontaminants, ~ WAM W;ill,pl'Qvide ~e l!§llle of~~o~~~~ tq ~st. and 
initial test conditions, prior to. developing the QATP amendments under Task 1. 
Li(luicl d~d~tl$~1 be' •PPiied usiqg, a band~heJd spijtyer, similar to 
·P,revious tests~. Two.eJ:l\lironmental :conditicms shall .be. evaluate4; ani~iet~tlroom 
condjti~.~ (~: 20C, 4p ±!J S% RH) and low·t~ure/li)wtu101idity ( 6: 2°C, 
30 :t:: rs% IUt). The test samples sbBllbe exposed to;the·p~bed . 
enviro~lcq~t4Jtl9n ~m;fh~ .. tim~.9fmo9l:P~iol\ ut~rtil·tb!'sl.&l~ ofpf'()cessing. 
Temperature and. relative humidity shall be actively controlf~f,for both 
envirorunental conditions. The matedal types ro testsllall inclUde.gJass, 
aluminum, and treated wood. Materjal. 'pecifications (source, model number, 
dimensions, etc.) sb81L\Ie m~culously {ec()~·(9r.~~~ ~·~~.~L .. 
Persi~cc ofB. suis on the three. surface ~Uqterbtls ~haU'bcevaluatea fi>Uowing 
0 14 :18 42 and 56 da' S·ofex "suret() eacli.en'ilirotlfdentar~ncifti6n.: Five , . , , , .. Y. . po ........ ···· .. ·· ., . .' ........ _ . ., ....... , .. . 
replicateS for each test mat-erial type:shall be<evaluatec:l. ln'addition. .at fland ~8 

•_ ~·.· ' .. ti .... ~,fl.d .. ~u .. ·o.·Pl!N.'.u~ .. tc. '"~.~.P!~ . .-y· : .. l;!!.~.,·'·.·····~.""ntam ... • .. ,Jnt ....... ted ........• , ... ·.~." .... J~.v.•. ~~~·~ ..... for 
eacJ1Jilitetiai ~ (ifll() Viable cells' . ... ' . aftdit l~~t!t,e'#i~~- oeeorlon&y 28 
ana ~ltionaldeccftitaibi~ Witl"tii'~'mliiU:or~ltlP .. \I:~~~~t,cnc~ 
testing). :One lab blank end O~Jf:'~ .. blank.,o$houlcl.be~l~.f~C~aPh. 

mat ... ~.< ... ·····~.·.··.":and ... ·.c:;pf ...... ·~tf.J'~!.·.fo.·r~~b .. ·~ .. ·.·· ... ·J .. O .•.. f .. l ... e$l .... '~~!g.s~ ... ~'!J!'ti .. •• •. : ........ !l•jt·C:···.~u ..•. RO .. ,ns shouldbe·ViatO.x · 00Mlv1Up5 onE,, roratou~tfnoc\.fiwn'o.r·lco ,~ SQO/o). At 
muu~.e~h~vll'd~til··cori41Uon ~~¢i~:t~1s .. ~ld•.l!!e. inoe~Jated 
simultan.oouslyand·carrial .through the. S6 .day experiment as acobo.-t. For 



example, all. gl~ coupons;incubated at ambient conditions should be:inoculated 
on,the.samed!aY,.It.llcl ~e,d.tlJro."&h tile~~ ex~ru~mijg~;tqg~~F· :fbe(efqie~ 
cohort of samples should mclude (at minimUm) 65 coupons (25'persistelfce 
coupons, 30 decon coupc>ns, S lab blanks, S procedural blankS). see Table l for 
sample numbers and test conditions. 

Talble 1. Sample cooditlou, Time Points, and. RepUeates. This sample matrix 
should be applied to three .material. types (persistence and decon saijiples),;ru~d ~ 
dec:ontarninants(deconsamples only). The total number of samples should therefore 
be approximately 330 (150 persistence $8mples, 1.80 decon samples,exctt~cUng 
blanks). 

Relative Time 
Sample Condition Temperature 

HUIDJdlty 
Replicates Points 

(days} 
!5 0 
s. 14 

Ambient 22:t:20C 40± 15%RH ;s 28 
"'"~~"" 

5 42 

Persistence 
5 5.6 
s () 

Low s 14 
temp/Low 6::.1:20C 30;1; 1S%RH s 28 

RH 5 42 
5 56 

·Ambient 22:b20C 40:t:lS%RH. s 0 
s 28 

Decon Low s 0 
temp/Low 6:t:2°C 30:t: 15% RH s 2'8 

RH 

3. Prior to testing, the amount(volume) of each deconuu:nJnari1 applicd;~o each 
coupon type sb811 be deterinf!led ustng·th~ application proc~ciute dtweloped,. and 
the optimal amount·otneutralizer needed to quench its biocidaJ·activit)'·sball be 
detcnninedas inprevious·tests. 

4. For eac~ test,J~e.te~~ ofUl~ t&tsoluUons shall be rfieas~d. Anew 
batch ofdecontaminant shall be prepared from ~ unopened:c()ntainer for eaoh 
day of testing. 

5. Provide a qualitative48Sessment o£the im~!l ~JH~l~JJY .. ~ .... · . 
envirorunental co.ndition.has .. on·~·CO~Jpon J'Jl8terials, (~~las .~.damas:e, 
surface degradation. di5col~r:ation, octQr• .00. otltet~tl'i~ti~l'bnp~~J"~haJI be 
noted for each test. 



6. P~ e.~ ~JIQ~'(a~ fqr W AlM revie,v~,!lPitQ¥111: a rev!~ dplfi for 
peer and QA review; and a .finaJ) which shall.incluiJe the,te$ comlltio~ ~~ods,. 
q\Jallty ~urance, and results of the tests conducted per the reqw~~n., pfthfs 
SOW. The report shall also include a brief description ofthe decontamination 
technoloaies tested, in tenns of their operational features. pertinent to the pOtential 
user. The report shall eonfonn to the nquirtments ofBPA'sHandbook .for 
Pteparing e~ce of~~~han~ DeveiOpni~~'Ro~f,t~f~RAf:fQ9~ .. 9~/00:!)i 
S\lbstantiv~portio1l$ oftbi$ handbook can be foQndat www.~pa,gov/nhstcu,nder 
the p6liC)I and guidance tab. · 

IX. QUALITY ASSURANCE 
The awmdee'shall comply with all requirements as delineated on the •'(Mllity AssurtUlee 
Planning Requirements Form (QARF)" included with t}Us ext.ramwal ,~~iom .~ 
attaohment #I and .. #2. The conmactor shall~e a QAPP in accordance, with 
httDiflwmy.e_asgv/gpatittlQI::(LQgs{rS.;final·Pdfor t;N1sed on·the t)'J)e of~h that is 
being conducted. For guidanceron preparing a ~earch-s~ifi~ Q~PP; f.he preparer 
should refer to the project specific requirements provided inNHSR€'• QMP, The QAPP 
shalJ be approved prior to the start of any laboratory work. Addftiorial·infonnation 
related to QA requirements can be found at www.epa.goy/guaJity. 

X. DELIVERABLE~HEDULE 
1. Transfer of project data: s~ll occur via electronic man .at the conclusion of etch 

test. These da1a shall include, whc~· appropriate, neutrali-ioll data, temperature, 
RH, pH, arid viable organism counts for testand control co»ppns. 

Task 1 ATPamendment llll/2010 
Task 2 testing Completion of Task 

ATP amendment 



NHSRC QUALITY ASSU~CE RIQUIRIME,.UFORM 
Att:iJchment J to the st•tement ol Work 

I GI!NIR.AL INFO~UON 

Title: Perststence and Oealntamlnatton Testing of Brucella suls.. 

Description I This work will provide data on the persiStence of. e •. sols and on the errectiv~mess of severa• 
tlqulds ot lnectlvlltlng B. subs on envlronmcntol sud'ocee. 

Project ID: OCMD 3.1001 

Original 

Number Ammended: 

QA CategOry: lV 

Alc:tlon TyJMt Extramural 

Peer RevieW cat:eeorv: IV 

Security Claalftcatioll'lt 

Project Type: sampling and Analysis;· Baslc'Researdl 

QAPP Stlltws.1: ExiSting QAPP 

QAPP statue 2r 

Vehicle Status: 

Not Delivered 

Existing Vehicle 

Vehicle Type: Vehicle Number: EP-C-10·001 
TBO Work Assignment Number: 

Delivery/Task Order Number: n/a 
Modification Number: 0 

Other~ nta 

If you 11re p~S!JIIffl an ZAG or CRADA, the resp<Jnslbillty for QA must be negot~atet;lwlthln the agreement~ Tfle 
TLPS in .f;Onsutmtlon '11(/tiJ th" Q/V'f!lln ~ varlou~ or91Jq{zatJqps must B9ree on, and do<u'!Jen.t.'Whldt orpniZatlon will 
take the lead for QA, the name$ of the QAH anti T(P frOm eiiCh OrrlanfZatkln, and ~ QA rlitjUirefrients:that>WIII be 
i!ldhered to during the agi'CfJment. Include this Info In the TAGICRADA packt~ga. 

U SCOPE Of WORK 

Y• Does the Statement ot Work contain the approprlate.QA language? 

Yes 

No 

No 

The awardee shall comply with all requirements .as delineated on the •Quality Assurance PliMing ReqiJitements 
Form (QARF)• lndoded with this extramural actton. Tnfl contractor shall prepare a QAPP tn aa:ord~tnce Mth the 
R-2 and R·S and/or the attacfU'nents provided with the sow. The QAPP must be approved prior to the start of 
any wortt. AddltiOno& Information related to QA requlremenb can be found at 
http:f/W'NW.epa.gov/quality/qs.docstrs-tlnal.pdf 

Does tbllS eKtramural actiOn Involve the c;olle(:tlon, ~neratlon, use, and/or l'tpotllllg pt,envtronrnenl;al data; the 
destgn, c:onstrud:fon, and operatiOn of environmental ti!chnologles; or developrMnt of 501\Ware, mo<sels, .or 
methods? 
{li•No• t:hen skip to Sed/on zv. attd Sign the fclrm.) 

Will. the SOW or anv subsequent work assignments or task Ol'ders Involve any cross-organiZational e!Torts 
within EI,A? 

Has a QiU'P already been· approved for the activities .specified In the SOW? 
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NO Is a.n · appUcable QAPP In. ttle proceu· or belf\9. prepared, n.wlsecl, or approved by e~A personnel for future use 
by the contractor? (QA approval mus.t be obtai lied before th&t (9t;rtnlc:tgl;' q~n sta.rt: wQ~) 

Not AppliCable DCX:UI'nentatton or an organlzation'l Quality SV~ttm. QMP devlldptid In acxotdanc:e With: 

Not APPiit'eble 

Other Documentation or the applicatiOn of QA and QC ac:tlvlttes to applicable· project(s): 
D18V111oped In ac:icOrdanc. with: 

explain: NKSRC QMP 

n/a ~=~t~:Pro.teet Plen with supPlement$ for each ~ PIVJect, devel()l*f In 

Not Appl~ble Existing docu.mentatlon of tht! appliCation of QA and .Q<; ~~~~~~ wm. be used.: 

IV Sl&NATURIBI.OCK 

.Worth Ollfee 09/16./lOlO 
~I:ISRC·DCMD TechniCal Lead Pe~ Date 

&letha ROberts 
Nl:iSRC~lO QA Staff Member 

0!1»/1~/2010 
Date 

QAAP REQUIREMENTS .FOR BASIC.RESeARCH·PROJEClS 
(kom~ndbc B of the l'tHSRC QMP) 

A basic reseatct~ptOJect Ia a atudy performeCj togef~~Rte data used 10 evaktale unproven tl'leOrlet,~iOI'~. 

SICTION 1.0, PROJ&CT OBJECTIVES AND ORGANIZATION 

1.1 Stale~~~ 

~~~~~pa~(l\#, QAPP prepntlon,liMlJ)Ia~andanalyses, data 
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SECTION 10, exF1E!RIMENTAL APPROACH· 
2.1 Oesc:rlbe lhe ~:Glte, facility, apparatus, endloumvilonmenlll ayalem to be tested. 

2.2 Describe all known or~ished test conditions and variables, InclUding replicate ~ental runs. 

2.3 Delcrlbe the planned 8pproeeh {Siattstlc81 ancllor ~) !Cr. ev~.proJect ~ectiVeS (I.e., data al'ialySis), 

SECTION 3.0, SAliJPUNG AND MEASUREMENT APPROACH AND PROCEDURES 

3.1 Comi:.letl:llt1ll follOWing table to sumtnartze.lhe. sampling $lnltegY 10 be used. 

Sample.IMeatUI'el'I'Mtnt Matrix Measuremem Frequency Elcperlmental QC1 Total No;: Sample& 
LOC8Iion 

1Q\.; samp~ttS ~ated durlniJ axpenment. as a e.g., DlmMS• f81111cate sa np~eS, SlliMS) 

3.2 COm!)lete tne kll1oWing l8ble to sumtni.Wiz& tl'le sampllnglllld analytiCal procedures to be UIHKI· 

M8ttbc Measlltement Sampllngf Analy8IS Simple Container/ Preservatrorv HOlding 

=:~ Method1 auantlty of Sample Storage. 11me(S)2 

1PI'OW:I9 aetllltt 1n lltltl, •• n~.lf:.~~ mettiOd or SOP cannoa -
2Bolh to exll8dlon ltild analytil. If applicable 

SECTION 4.0. QAIQC CHECKS 
Com&lletelhe foiiOwlna table to SUIII mari!e aMlC chackS. 

Motlbc l\.teGelilrement QAIQC Check1 FreQuencv Critel:ia CorMCIIVeAc:lb'l 

11nc:IUCI8BD ~ IAICC c:nackS (expem enlalatd analytical, asappiiCIDie)torac:ancy,l)feCIS(On; 111m limtl$$D818n0t, * 

SECTION 5.0. DA'rA REPORTING 
Oesc:ribe data reducilon procedures spodflc to tho pteljed. 
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SI!C'I'lON G.O, REFEASNCIUI 

Provide refe.-.nces to m~ods anf,l germane ptiOr publloa~ons. 

IN ADDITION, WHEN APPU~ ... 

• list a1 ~lalglt~(le.. wl)erla U.of.~lsspeC!IIed in the table) 

: ==r1Z:,:'.:.IbSr~~ontt) 
~·.·~~~~'~ : --=~~~~~·~ 

:. =::..· ==.·.~·~.P,!.rq~~=-.~proc~.:.Cllve1lf1UIIes . . • ~ fi1sln.lment clllbraUiln prOcaC:Iunls and ecc:epl8nCa criteria If not Included In a r*en<:ed method or SOP • 

• 
QAPP REQUIREMENTS FOR SAMPLING AND ANALYSIS PROJECTS 

(frOm Appefsdbf B of the NHSRC OMP) 

:..-r:a:::=.=:,.~'ft.t1~t:t?~~-=•t~r•~·on·~ 
sr:cTION 1.0, PROJECT DESCRIPTION AND ORGAMZATION 

1.1 The purpose of the study 8hll be dead)' 8laled In tlie sampling and ~~plan (SAP). 

1
'
2 .,.andlor~-=-rw.::~:.:recr:r::•~~w~a:=~=:..~r:o' =='n.lbi,n~~. · · 

SECTION 2.0, SAMPLING 

~.,th8~~~~~~~~~~~Ja~crc!:~ 
~~~~f~(~:~~~.·~~,IO~~~~~ ... 

~:.,:. ~~!Cm:=~JN~~ng8'18111Sanct.hOW_,;~.~andntlmberot sample tYPes 

2.3 The~ m.asurem.- (te., apil.iclllc 8nalytes) plilnneid for eacnaampte'tYPf ahdbe l!lrntrlai'I:Dcf. 

2.4 It 8llllfiC8bl41, ~ slte_tpedflc~thatmay affect sampt~ng ~st\aU be~. 

u 1t appiiC:eiJ!e, any 811eiJI1II)eralkln (e.g., samP~tnu d8VIC81ns1allaUOn• sampiii'IQ p0n ~),rieel:leCI pt!Or'IO &a111Pf1110 8tlad 
be~. 

2.6 Each santPJng procedure to be used ehall be~ or AieretiCIIICI. 

2.7 If Qlf11pcellk'lg or epiiUiftg of lS8II1IlfeS is planned~ the~ ptocedureuhall be desctlbed. 

2.8 A list otsaml*t ~10 be colladed, -' itle sample amount l1lqUII'8d for aacn ~Is; ~··ooaamp~e ~Shall 
b11npdleid. 
2.9 

2.10 

ContolnOnt uoed for eample oollecliCn, tnlnprt, and iltor8ge for eoc:h Mmple type •hal be deeci'lbod· 

SamPa ~methods (d'.f,, .,.IIOn.IC!dllleatlon. Me) 11'1811 be~. 

2.11 RequfnlmentS forshlppii'Q samples shall be described. 

2.12 Holdlilgtirln~tlld-~ 

213 ProcecUesfor.~~in IIY~formalrl1"1"'iiM'~Ofl""""..,....aa~..e~shllltle ' .··· ·•·.·~·······tfilli~" 'fit;--~'i~~~lfili~~~ ... ~·· ... · .. ~·~·~· •• •••••••••• ••.•••• ~ .......... ' ..... , •• , •••• ,.}, •• , ••••• ,., •• ·:· ·.·,···.•., ..... ££, .·, • 

2;14 l~to.bltJe¢1lfW;Iad~ !'llltlnt8!.,.clby~ ~~~~~ 
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3.1 Each anaJYtk:al method to be-used shldl be refefenced. This lnc:l~ EP~ and 01hel' vtllda*:l ~ f'llethOds, 

3.2 If llflf)llcable, modifications to EPA_approved or other validated ~rd methods Shall also be desalbed. 

SECTION 4.0, QNQC CHECKS 

4.1 the SAP shall list and define aD OC checks and/or ~ used for t1ia pqect,,bofh 88ld ani:llabOnltory liS~. 

4.2 For eech specified QC check or procedure, requited fntquendeund80(;j!~.criteiia ~q bet included· 

SECTION 5.0, DATA A!DUC1lON AND REPORTING 

5.1 Data reduCtion prooedures apeciflc.to 1M proje<i, anci $ epeclfic toea~ org~lzalion, shall a,. summer!Dd. 

5.2 The reportfng requirements c-.g.,l.mlta, reporting method (e.g., wet or dty)) for each 1!'1881!1Ufef'llent arid metmc shall be Identified. 

SECTION 8.0, REPORTING REQUIREMENTS 

The dellvet8llles expected ftcm each organization rttSPOnsibla forl'leld and/or analytlc8l ~shall bet d8SCI'Ibed· 

NHSRCQA 
To the StatementofWork 

Requirements/Definitions List 
EPAt QuaJ1t:w Sptem Webtlt.: http::l~a.ggv(gua!lty 
I!PA'a RequiMMinta and Gulctance ~flta: hUp;l/www,eoa.gov/gua!ltv!ga docs;h!ml 
EPA's QuaUty Syt1tem Wtblltll: http;I(Www.epa.ggv/guaiiMqs-docslr5.f!nal.odf 

=·=~~p~:=~c::rrJ:,=~~=lt:r~t~l~~~=,=,~=t:rnta:n 
:::,:.o:~c:~o:.~~.r:.~r:n~~=~==~~;!:l~c:~~==~~tt;: 
uee; or repOitkiO ahaU not.comTn.Ace•untii.IM ~.hal·~ the q-docwmitn~llon:.l'liit' Q!lat~tY:•~·iPtOJ8¢t Ptar\ 
(QAPfl) $hal! lie ... ~ to 114 ~~ afiUSt thtrtj ($0) ~priOtto.the ~nlftij'of~ny··~~ronmentj[CIJti.O.t111itng ~r .. 
QenetatiOn 8dMtV In Older to allow sufficient time foueview and AIVislOns to be cQI:nplated! Mtftlle ~Mrnsnt has approved the quality, 
~taiiOil. ttltt Contractor shall a1JO Implement lt as written and apprcwecs by. !he aovemmeftt. 

tfl:@fRI QualitY 8ylt!lm Sptsll!slllo!W fg[ liltr!g!UA! Ac1119n1-

Tbeoe .f1!CIIollrenlei!M!i ,!.YPiG!IIJY:flel'llln .toalngle. p~ offone; Tho flnl1tp0CIIfi~l'lt8 •!'0: 

(1) a doecrtptlon o.t IMotpnlatlon'soQualltr Syatem (ai} and l~on .,.gai'Ctlllfl hOW t .. a. QS Is dOcum.ntad. 
GOtn"'unl.~ ~~ l"'plelnenled; 

(2) .,. orainll.at.IOMI Chllt thOwlilfJ ttte "'ltkln Gf the QA funclfol'l: 
(3) delineation ot tt•nuthorillud irMpon~~,lbll..,_ of •. QA.,...~om . 
(4) the: llack9f0Und and experienCe oft:he QA piril.onnelwtlo lrili be aiM,IInld to lfle·rwo.it¢~ani:l 
(&) the· argMb:atlclde pnelll approaCh ,_ICCOII\Pilttllng .. ~~~~.In ctlt SQW. 

NHSBC QA ltsgylreroefUSIDetlpltlons List 
Category L81tel Designations (detemllnes the level ofQA req&dred): 

0 
D 
D 

c.teooiY I Ptoject ·applicable tc» studlel peifonned to gen~rate dille. uted.for lnfoi'c'.itnelltaci~YitleSi.llt19111~,or ~'ftC!~~ PIOI~ 
lnvQMn(J humen a.ubjecla. Tho QAPP.ehalllldd"'" allelemenls llated In "&PA'~I~ forQA Projed Plaftl, EPA QAIR"S; 

=~·~~~~~~~==~~:::.t=~~rd~~:v-r:-~of~~-6. 
CUIDOLY Ill Project~ applicable to Pf9Jt«*lft'IIO!IIlng 51PPII!Id ~ pr~f)IOgy eva~~nt. ~ QAPP tMJI ..... the 
appliCable sedlone of "EPA~ for QA PlojiJcl Plliirie, I!PA <WR-5 as outlln8clll\ th8 NHSRtta QMP(aAPP 
requinm"tel\tll for the speCific PfOiltet type ( ... below). 
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,---------- -- ---------

D 
~ 
D 

D 
D 
D 
[Z] 

D 

D 

Defh1ftfona: 

--------- ---- --------------

lncnm18ntal Funding • lnCt81'1ltf1181 funding Is partial funding, no new work. 
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-- ------- --------------

Quality Control CCIC) • Quality control It a technical func:tlon that inCludes au the aclentlflc precautions, such u calibrations and :c:tuplle*ionl, 
wlllcb are needed l'O acquire data of known and adequate quality. 

Quality System -1\ quality systetn ~ lhll means ~which an organization manages its qualitY·~ I~, 1 •v*temltiC::Ordllnl:i!W ll'llnNtilnCI 
JWOVidas a~ for planning, Implementing, and assenlng WOik perfomiecl by an oJV8nb:ation' and for earrylng out required quality 
nsurance and quality controladMtles. 

R-2. EPA Requltements for Quality Management Plana (EPJV24018.01/002) Mardi, 2001 hllP:/l'fJww;egji!JjoyiQualby/OS-do98Jr2·finai.Jl.!U. 

Techftlcalt.aad Pt11011 (TLP) • This person Is technically responsble for the proJ8d. For .exlrainural cOIItractwoik, the TL.P lstypleaUy the 
c.onlractlng Officar':t. "'P,...ntative (COR). For lllltllmural WOlle, the TLP is typicallY the PrJnclpalln vestlgator. · 

COR 
NHSRC 
NRMRL 
QA.ID 

QA.PP 
QS 

Conlracting Ofl'lce .. a Repi8IOfltaUve lAG 
Nlltlonal Homeland Security Research Ce:nttr · CA 
National Risk Management Research Lab<lraf.oly QAM 

Quality Aaaunance ldentlfic:aUon QMP 

Quality Assurance Prqad Plan SOW 
Quality System CRADA 

TLP Technical Lead PcK$on 

Attachment f2 to the Statement of Work 
Revlllon . '~. Mltctl2008 
NHSRC08102 
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Interagency Agreement 

Quality.Asllurance 
Quality Aslluranca Manager. 
Quality Man~g.ment Plan 

Statement Of Work 
Cooperative Rese81Ch a eev.tlopmerit Agntement 



United States Environmental Protection Agency 
Work Assignment Number 

Washington, DC 20460 1-12 
EPA 

Work Assignment D D Amendment Number: Other 

Contract Number I ~ontract Period 10/21/2009 To 08/31/2011 TiUe of Work AsslgnmenVS F Site Name 

EP-C-10-001 Option Period Number / Persistence and Decontaminatio 
Contractor I Specify Section and paragraph of Contract SOW 

BATTELLE MEMORIAL INSTITUTE Section 3.1 
Purpose: D WOrk Assignment D Work Assignment Close-Out Period of Performance 

D Work Assignment Amendment D Incremental Funding 

0 Work Plan Approval From 10/22/2010 To 08/31/2011 

Comments: 

Persistence and Decontamination Testing of Brucella Suis 

D Superfund Accounting and Appropriations Data [K) Non·Superfund 

D 
Note: To report additional accounting and appropriations date use EPA Form 1900-69A. 

SFO 
(MaJ<2) 

5 OCN BudgeVFY AppropriaUon Budget Org/Code Program Element Object Class Amount (Dollars) (Cents} Site/Project Cost Org/Code 
(Max6) {Max4) Code {Max6} {Max 7) {Max9) {Max4) {Max8) (Max 7) 

1 

2 

3 

4 

5 

Authorized Work Assignment Ceiling 

Contract Period: CosUFee: $0.00 LOE: 0 
10/21/2009 To 08/31/2011 
This Action: $0.00 1,550 

Total: $0.00 1,550 

Work Plan I. Cost Estimate Approvals 

Contractor WP Dated: 01/26/2011 CosVFee: $196,715.00 LOE: 1,513 
Cumulative Approved: CosUFoe: $196,715.00 LOE: 1,513 

Work Assignment Manager Name Worth Calfee Branch/Mail Code: 

Phone Number 919-541-7600 

(Signature) (Date) FAX Number: 

Project Officer Name Shannon Serre Branch/Mail Code: 

Phone Number: 919-541-3817 
(Signature) (Date) FAX Number: 

Olher Agency Official Name Richard Makepeace Branch/Mail Code: 

Phone Number: 513-487-2193 
(Signature) (Date) FAX Number: 

Contracting Official Name Matthew Growney 

LacLtt. 
Branch/Mail Code: 

~~" ,,. \t fA,.. Phone Number: 513-487-2029 
Sicinatur& / /J tbaiet FAX Number: 513-487-2109 

v v 
Work Assignment Form. (WebForms v1.0) 



United States Environmental Protection Agency 
Work Assignment Number 

Washington, DC 20460 1-13 
EPA 

Work Assignment D D Amendment Number: Other 

Contract Number I Contract Period 10/21/2009 To 08/31/2011 Title of Work Assignment/SF Site Name 

EP-C-10-001 Base Option Period Number 1 Technology Testing and Evaluat 
Contractor I Specify Section and paragraph of Contract SOW 

BATTELLE MEMORIAL INSTITUTE Section 3.1 
Purpose: [I] Work Assignment D Work Assignment Close-Out Period of Performance 

D Work Assignment Amendment D Incremental Funding 

D Work Plan Approval From 01/18/2011 To 08/31/2011 
Comments: 

Technology Testing and Evaluation Program (TTEP) Outreach 

D Superfund Accounting and Appropriations Data [) Non-Superfund 

D 
Note: To report additional accounting and appropriations date use EPA Form 1900-69A. 

SFO 
(Max2) 

" DCN BudgeUFY Appropriation Budget Org/Code Program Element Object Class Amount (Dollars) (Cents) Site/Project Cost Org/Code 
:§ (Max6) (Max4) Code (Max6) (Max 7) (Max9) (Max4) (Max B) (Max 7) 

1 

2 

3 

4 

5 

Authorized Work Assignment Ceiling 

Contract Period: CosUFee: LOE: 0 
10/21/2009 To 08/31/2011 
This Action: 

330 

Total: 330 

Work Plan I Cost Estimate Approvals 

Contractor WP Dated: CosUFee: LOE: 

Cumulative Approved: CosUFee: LOE: 

Work Assignment Manager Name Shannon Serre Branch/Mail Code: 

Phone Number 919-541-3817 
(Signature) (Date) FAX Number: 

Project Officer Name Shannon Serre Branch/Mail Code: 

Phone Number: 919-541-3817 
(Signature) (Date) FAX Number: 

Other Agency Official Name 
Branch/Maii Code: 

Phone Number: 

(Signature) (Date) FAX Number: 
Contracting Official Name Matthew Growney Branch/Mail Code: 

Phone Number: 513-487-2029 
Sianature (Date) FAX Number: 513-487-2109 

Work Assignment Form. (Web Forms v1. 0) 



EP-C-10-001, WA 1-13 
Statement of Work 

Technology Testing and Evaluation Program (TTEP) Outreach 

PURPOSE 

The U.S. EPA National Homeland Security Research Center (NHSRC) has the need to 
establish a mechanism to communicate (outreach) the progress and results ofTTEP 
projects and/or NHSRC projects as identified in Section 4.1 and 5.0 of Contract EP-C-10-
001. The purpose ofthis work assignment is to provide support for developing quarterly 
reports, stakeholder support, and preparation or revision of technical reports. 

Description of Tasks 

Task 1- Outreach through the Water Stakeholder Committee 
The Contractor shall be responsible for developing and interacting with the water 
stakeholder committee that was formed to provide feedback on water security related 
technologies. The purpose of establishing this stakeholder group is to obtain the input of 
the group members to assist in the effort to identify technology and information needs, 
and identify candidate commercial technologies for testing and evaluation. 

The Contractor shall be responsible for the following subtasks: 

• Prepare for stakeholder meetings (provide read-ahead materials; develop the 
agenda, arrangements for meeting space, etc.) 

• Conduct and facilitate 1 web conference stakeholder meetings 
• Prepare and conduct teleconferences to keep the stakeholders updated 
• Conduct meeting and teleconference follow-up to include distribution of minutes 
• Conduct regular communication with stakeholders to keep them up to date 
• Provide the Work Assignment Manager (W AM) with a quarterly update on the 

status of committee members 

The Contractor shall ensure that there are 10 to 15 active stakeholders available to 
participate in each of the stakeholder groups via teleconferences and web conference 
meetings. The stakeholder groups shall be convened via a web conference one-two times 
each year to discuss issues that cannot be effectively discussed in teleconferences, in one
on-one telephone calls, or by email. The Contractor shall plan and develop the agenda for 
the web conference stakeholder meetings with the input of the W AM. 

During the web conference meetings, the Contractor shall facilitate a continuous dialog 
with the stakeholders. The Contractor shall regularly communicate (at least once every 
three months) with the stakeholders keeping them apprized of testing and other activities. 
During the interactions with the stakeholders it may be necessary for the Contractor to 
engage technical staff members who are involved with th~ testing and evaluation of 
technologies. 



Both parties shall communicate regularly throughout the duration of this task. The nature 
of the monthly communications with the stakeholders shall be discussed during the 
regular teleconferences between the WAM and the Contractor. 

Task 2 - Outreach through Publications and Quarterly Updates 
The Contractor shall participate in and lead outreach efforts that shall include: 

• creating and distributing informational quarterly program updates 
• maintaining an information distribution database (including but not limited to 

press, technology vendors, buyers, and users, state and Federal staff, and technical 
and trade journals) 

The source of the information used in this outreach task will be generated from ongoing 
TTEP activities and/or NHSRC decontamination research. 

The Contractor shall prepare informational quarterly updates for distribution to the 
programs customers and others interested in the status of the testing and evaluation 
activities. These newsletters shall be approximately four pages in length and be prepared 
once a quarter for the duration of this task order. The contractor shall assume that 
twoquarterly updates will be required during the performance period of this work 
assignment. 

The Contractor shall maintain a database of contacts. This database shall be updated on a 
semi-annual basis. EPA shall be responsible for distribution of the report via the TTEP 
Listserv, which is maintained and operated by EPA. 

Task 3- Revision of Technical Reports 
The purpose of this task is to revise up to three technical reports which require revisions 
based on comments received from peer reviewers and/or NHSRC review. The 
Contractor shall revise the reports and return to the W AM within two weeks of receiving 
the report. 

Task 4 - Fumigation of Coupons with Methyl Bromide 
The purpose of this task is to fumigate a batch of coupons with methyl bromide. 
Coupons will be prepared and packaged by EPA and delivered to Battelle for fumigation 
with methyl bromide at a concentration of 300 mg/1. After aeration the coupons will be 
returned to the EPA for processing. The exact test conditions will be provided by EPA. 
The coupons will be made of several porous materials and will be packaged in a Tyvek 
envelope. It is expected that the envelopes will be on the order of several square inches. 

Deliverable Schedule for Tasks l, 2, 3 and 4 

Task 1: 
There shall be one web conference stakeholder meetings and one-two teleconferences. 



Stakeholder web conference meetings (1): 
The Contractor shall determine the stakeholder web conference date after consultation 
with the W AM. The Contractor shall provide a draft agenda for each of the stakeholder 
meetings two weeks prior to the date of the meeting. Any presentation materials 
developed by the Contractor for the meeting shall be provided to the W AM two weeks 
prior to the meeting for review and approval. 

Teleconferences (1): 
The Contractor shall plan teleconference dates after consultation with the W AM. The 
Contractor shall provide a draft agenda for each stakeholder teleconference two weeks 
prior to the date of the call. Any presentation materials developed by the Contractor for 
the teleconference shall be provided to the W AM two weeks prior to the meeting for 
review and approval. 

Draft meeting and teleconference minutes shall be provided two weeks after each 
meeting or teleconference. Final minutes shall be provided by the Contractor within one 
week of receiving the W AM's comments. 

Task2: 
Quarterly Updates (2) 
Quarterly updates shall be prepared and distributed once a quarter beginning in the first 
quarter of2011 (expect a total oftwo quarterly updates). A draft quarterly update shall be 
provided to the W AM, and to each EPA W AM for which T &E projects are discussed, 
two weeks before the anticipated mailing date for review and approval. 

Database Maintenance 
The contact database shall be continually updated and a revised version shall be provided 
to the W AM on a semi-annual basis. 

Task3: 
Revision of Reports (3) 
The contractor shall revise up to three technical reports. Reports shall be corrected and 
resubmitted to the W AM within three weeks of receiving the report from the W AM. 

Product Development 
Products developed under this Task Order shall meet NHSRC's visual and content 
standards. Any reports generated shall conform to the requirements of EPA's Handbook 
for Preparing Office of Research and Development Reports (EPA/800/K-95/002). 
Substantive portions ofthis handbook can be found at www.epa.gov/nhsrc under the 
policy and guidance tab. 

Task 4: 
Fumigation with Methyl Bromide 



Period of performance: Date of award through Aug. 31, 2011. 



NHSRC QA 
To the Statement of Work 

Requirements/Definitions List 

EPA=s Quality System Website: http://www.epa.gov/quality 

EPA's Requirements and Guidance Documents: http://www.epa.gov/quality/qa docs.html 

EPA's Quality System Website: http://www.epa.gov/gualitvlqs-docs/r5-flnal.pdf 

Attachment # 2 

In accordance with EPA Order 5260.1 A2, conformance to ANSI/ ASQC E4 must be demonstrated 

by submitting the quality documentation described herein. All Quality documentation shall be submitted to 

the Government for review. The Government will review and return the quality documentation, with 

comments, and indicate approval or disapproval. If the quality documentation is not approved, it must be 

revised to address all comments and shall be resubmitted to the Government for approval. Work involving 

environmental data collection, generation, use, or reporting shall not commence until the Government has 

approve the quality documentation. The Quality Assurance Project Plan (QAPP) shall be submitted to the 

Government at least thirty (30) days prior to the beginning of any environmental data gathering or 

generation activity in order to allow sufficient time for review and revisions to be completed. After the 

Government has approved the quality documentation, the Contractor shall also implement it as written and 

approved by the Government. 

NHSRC's Quality System Specifications for Extramural Actions -

These requirements typically pertain to single project efforts. The five specifications are: 

(1) a description of the organization's Quality System (QS) and information regarding how 
this QS is documented, communicated and implemented; 

(2) an organizational chart showing the position of the QA function; 

(3) delineation of the authority and responsibilities of the QA function; . 

(4) the background and experience of the QA personnel who will be assigned to the 
project; and 

(5) the organization's general approach for accomplishing the QA specifications in the 
sow. 

NHSRC QA Requirements/Definitions List 

Category Level Designations (determines the level of QA required): 

D 
Category I Project - applicable to studies performed to generate data used for enforcement activities, litigation, or 
research project involving human subjects. The QAPP shall address all elements listed in "EPA Requirements for 
QA Project Plans, EPA QA/R-5. 

Attachment #2 to the Statement of Work 
Revision 1. March 2006 
NHSRC 06/02 
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0 

0 

0 

Category II Project - applicable to studies performed to generate data used in support of the development of 
environmental regulations or standards. The QAPP shall address all elements listed in "EPA Requirements for QA 
Project Plans, EPA QA/R-5. 

Category Ill Project- applicable to projects involving applied research or technology evaluations. The QAPP shall 
address the applicable sections of "EPA Requirements for QA Project Plans, EPA QA/R-5 as outlined in the 
NHSRC's QMP: QAPP requirements for the specific project type (see below). 

Category IV Project - applicable to projects involving basic research or preliminary data gathering activities. The 
QAPP shall address the applicable sections of "EPA Requirements for QA Project Plans, EPA QA/R-5 as outlined 
in the NHSRC's QMP QAPP requirements for the specific project type (see below). 

Project Types: 

These outlines of NHSRC's QAPP Requirements for various project types, from Appendix B of the NHSRC 
QMP (except where otherwise noted), are condensed from typically applicable sections of R-5 (EPA Requirements 
for QA Project Plans) and are intended to serve as a starting point when preparing a QAPP. These lists and their 
format may not fit every research scenario and QAPP's must conform to applicable sections of R-5 in a way that fully 
describes the research plan and appropriate QA and QC measures to ensure that the data are of adequate quality and 
quantity to fit their intended purpose. 

0 

0 

0 

0 

0 

0 

0 

D 

Applied Research Project - pertains to a study performed to generate data to demonstrate the performance of 
accepted processes or technologies under defined conditions. These studies are often pilot- or field-scale. The 
QAPP shall address all requirements listed in "QAPP Requirements for Applied Research Projects" from Appendix 
8 of the NHSRC QMP. 

Basic Research Project- pertains to a study performed to generate data used to evaluate unproven theories, 
processes, or technologies. These studies are often bench-scale. The QAPP shall address all requirements listed 
in "QAPP Requirements for Basic Research Projects" from Appendix 8 of the NHSRC QMP. 

Design, Construction, and/or Operation of Environmental Technology Project- pertains to environmental 
technology designed, constructed and/or operated by and/or for EPA. The QAPP shall address requirements in the 
EPA Quality System document "Guidance on Quality Assurance for Environmental Technology Design, 
Construction, and Operation" G-11, at http://www.epa.gov/quality/QS-docs/g11-final-05.pdf. For additional 
information, you may refer to Part C of "Specifications and Guidelines for Quality Systems for Environmental Data 
Collection and Environmental Technology," ANSIIASQC E4-1994, American Society for Quality Control, Milwaukee, 
WI, January 1995. 

Geospatial Data Quality Assurance Project - pertains to data collection; data processing and analysis; and data 
validation of geospatial applications. The QAPP shall address requirements in the EPA Quality System document 
"Guidance for Geospatial Data Quality Assurance Project Plans" G-5S at http://www.epa.gov/quality/QS-docs/g5g
final-05.pdf. 

Method Development Project - pertains to situations where there is no existing standard method, or a standard 
method needs to be significantly modified for a specific application. The QAPP shall address all requirements listed 
in "QAPP Requirements for Method Development Projects" from Appendix 8 of the NHSRC QMP. 

Model Development Project- includes all types of mathematical models including static, dynamic, deterministic, 
stochastic, mechanistic, empirical, etc. The QAPP shall address requirements in the EPA Quality System 
document "Guidance for Quality Assurance Project Plans for Modeling" G-5M at http://www.epa.gov/quality/QS
docs/g5m-final.pdf. 

Sampling and Analysis Project - pertains to the collection and analysis of samples with no objectives other than 
to provide characterization or monitoring information. The QAPP shall address all requirements listed in "QAPP 
Requirements for Sampling and Analysis Projects" from Appendix 8 of the NHSRC QMP. 

Secondary Data Project - pertains to environmental data collected from other sources, by or for EPA, that are 
used for purposes other than those originally intended. Sources may include: literature, industry surveys, 
compilations from computerized databases and information systems, and computerized or mathematical models of 
environmental processes. The QAPP shall address all requirements listed in "QAPP Requirements for Secondary 
Data Projects" from Appendix 8 of the NHSRC QMP. 

Software Development and Data Management Project - pertains to software development, software/hardware 
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D systems development, database design and maintenance, data validation and verification systems. The QAPP 
shall address all requirements listed in "QAPP Requirements for Software Development Projects" from Appendix 8 
of the NHSRC QMP. 

Definitions: 

Environmental Data - These are any measurement or information that describe environmental processes, location, or 
conditions; ecological or health effects directly from measurements, produced from software and models, and compiled 
from other sources such as data bases or the literature. For EPA, environmental data include information collected 
directly from measurements, produced from software and models, and compiled from other sources such as data bases 
or literature. 

Incremental Funding - Incremental funding is partial funding, no new work. 

Quality Assurance (QA) - Quality assurance is a system of management activities to ensure that a process, item, or 
service is of the type and quality needed by the customer. It deals with setting policy and running an administrative 
system of management controls that cover planning, implementation, and review of data collection activities and the 
use of data in decision making. Quality assurance is just one part of a quality system. 

Quality Assurance Project Plan (QAPP) -A QAPP is a document that describes the necessary quality assurance, 
quality control, and other technical activities that must be implemented to ensure that the results of the work performed 
will satisfy the stated performance criteria. A QAPP documents project-specific information. 

Quality Control (QC) - Quality control is a technical function that includes all the scientific precautions, such as 
calibrations and duplications, which are needed to acquire data of known and adequate quality. 

Quality Management Plan (QMP) - A QMP is a document that describes an organization's/program's quality system in 
terms of the organizational structure, policy and procedures, functional responsibilities of management and staff, lines 
of authority, and required interfaces for those planning, implementing, documenting, and assessing all activities 
conducted. A QMP documents the overall organization/program, and is primarily applicable to multi-year, multi-project 
efforts. An organization's/program's QMP shall address all elements listed in the "Requirements for Quality 
Management Plans" in Appendix 8 of the NHSRC QMP. 

Quality System - A quality system is the means by which an organization manages its quality aspects in a systematic, 
organized manner and provides a framework for planning, implementing, and assessing work performed by an 
organization and for carrying out required quality assurance and quality control activities. 

R-2. EPA Requirements for Quality Management Plans (EPA/240/8-01/002) March, 2001 
http://www.epa.gov/quality/QS-docs/r2-final.pdf. 

R-5. EPA Requirements for Quality Management Plans (EPA/240/8-01/002) March, 2001 
http://www.epa.gov/guality/QS-docs/r5-final.pdf. 

Substantive Change - Substantive change is any change in an activity that may alter the quality of data being used, 
generated, or gathered. 

Technical Lead Person (TLP) -This person is technically responsible for the project. For extramural contract work, 
the TLP is typically the contracting officer's representative (COR). For intramural work, the TLP is typically the Principal 
Investigator. 

Abbreviations: 

COR 
NHSRC 
NRMRL 

QAID 
QAPP 
QS 
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STATEMENT OF WORK 

9123/2010 
John Drake 

DEPOSITION METHOD DEVELOPMENT AND DEMONSTRATION OF 
DECONTAMINATION PROCESSES FOR OF REMOVAL OF RADIONUCLIDES ON 
URBAN MATERIALS 

Estimated Hours for this Requirement: 1450 hours 

I. PERIOD OF PERFORJ.'\lANCE AW "-'r-d_., 
The period of performance for this Work Assignment (WA) shall be from September l, 2619 .. 
through August 31, 2011. 

II. PURPOSE 
This work shall ( 1) develop a method and apparatus for deposition of selected radionuclides onto 
urban building materials, and (2) using the developed method evaluate the decontamination 
efficacy ofLwo chemtcal·bascd commercial decontamination tecJmologies. 

The deposition method development and technology evaluation shall build on previous research 
and evaluation projects conducted by NHSRC. These projects include NHSRC in·house and 
extramural experimental wol'k as well as similar evaluations accomplished Wlder the EPA's 
Teclmology Testing and Evaluation Program (TTEP), which has developed test methods, 
protocols, Quality Assurance Project Plans (QAPP), and facilities. lt is anticipated that these 
previously developed products will be used or adapted to the extent practicable. Previous work 
has focused on decontamination ofCesium-137 from various urban materials~ whereas this SOW 
focuses on several additional radionuclides, Strontium-90, Cobalt-60. and A.mericium-241, and 
the substrates of interest include porous and non-porous materials. 

The Contractor shall ( 1) propose deposition and detection/measurement methods and 
concentration for each of the three radio nuclides of interest, (2) propose specitications for tesl 
coupons of non-porous materials corrunon to an urban environment and likely to require 
decontamination following an RDD, and (3) provide a list of recommended chemical~based 
corrunercial decontamination tedmologies. From the proposed deposition and measurement 
methods, coupon materials, and teclmologies. NHSRC will select the methods and coupon 
materials. and two decontamination technologies to be tested. 

The deposition and measurement methods shall be fully developed, validated. and documented. 
·The coupon specifications shall be futly documented. The technology perfonnance evaluations 
shall result in ( 1) the determination of a "decontamination factor" (the amount of any remaining 
contamination following application of the decontamination technology, relative to the initial 
amount of contamination). and (2) an evaluation of specific parameters related to deployment of 
the technology in an operational setting. 

III. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) has the responsibility for protecting human 
health and the environment from accidental and intentional releases of radiological materials. 
The National Response Framework (NRF). Nuclear/Radiological Annex designates EPA as a 
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supporting agency for the long term recovery phase of a response. The EPA Office ofReseareh 
and Development (ORD) National Homeland Security Research Center's (NHSRC) · 
Decontamination and Consequence Management Division {DCMD) is conducting technology 
evaluations for the decontamination of urban materials. The demonstrations and the evaluations 
or results are based on test conditions prescribed in a Quality Assurance Project Plan (QAPP) 
agreed upon between the Contractor and the EPA Contracting Officer's Representative (COR). 
The results of the demonstrations shall generate data that can be used to support decisions 
concerning the selection and use of decontamination technologies for urban materials 
contaminated with specific radiological threat agents. The results of the work will be made 
avai !able to the homeland security community through published reports, journal papers, 
information systems and conference presentations/proceedings. The infonnation may also be 
used in clean up guidance pertairung to specific threat agents and release scenarios. 

IV. TECHNICAL APPROACH 
The Contractor shall propose a method(s) for deposition and measurement of radioactive 
tontamination using Strontium·90. Cobalt-60, and Americium-241. The Contractor shall review 
the methods and processes developed in previous TTEP evaluations~ such as are described in 
"Test/QA Plan for The Perfonnance of Selected Radiological Decontamination Processes on 
Urban Substrates, July 28,2009, USEPAINHSRC'' (Ref A). as well as the results of applicable 
research completed by NHSRC and others. N3 part of the proposed method, the Contractor shall 
propose contamination levels for each radionu<:llde of interest consisient with the urban ROD 
scenario. Limited laboratory scale experiments may be necessary to help formulate the proposed 
method. The Contractor shall submit the foHowing to NHSRC for review and approval prior to 
beginning the technology evaluation task: 

• The proposed deposition and measurement methods 
• The natW'e, fonn. and characteristics ofthe radionuclide(s) to be used in the evaluation 
• The material and specifications for coupons of porous and non-porous materials likely to 

require decontamination in an urban RDD scenario 
• A list of candidate commercially available chemical-based decontamination technologies 

from which NHSRC will select two for evaluation 

The Contractor shaU develop a QAPP which shall describe the approved deposition and 
measw-ement methods, the approved coupon materials, the contaroinant(s), and the processes. 
procedures, and facilities required to complete the technology evaluation task. The QAPP shall 
provide a matrix which describes the quantity and purpose of all coupons required to exec~e the 
test (e.g. test coupons, positive controls, blanks, deionized water blanks, etc), The Contractor 
shall submit the QAPP to NHSRC for approval prior to beginning the technology evaluation 
task. 

Using the approved methods, according to the approved QAPP, the Contractor shall evaluate the 
efficacy of the selected decontamination technologies, based on analysis of the decontamination 
factor (OF) achieved. The Contractor shall also qualitatively evaluate the difficulty of using the 
technologies under realistic conditions, any resultant surface damage, and the quantity of waste 
generated. 
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V.TA.SKS 
The work that shall be perfonned is organized into four separate tasks. Task I shall propose the 
deposition and contamination measurement methods(s), the form and characteristics of the 
proposed radioactive contaminants, the coupon materials and specificationsJ and a list of 
proposed decontamination technologies. Task 2 shall develop the QAPP for NHSRC approval. 
Task 3 shall execute the evaluation as described in the QAPP. Task 4 shall include analysis of 
data generated in Task 3 and preparation of a summary repon documenting the results of the data 
analysis and experimental work completed. including a description of the test conditions and all 
data. 

TASK 1: PRE PARA TJON AND APPROVAL OF THE METHODS, l\rlA TER1Al.S1 AND 
DECONTAl\11NATlON TECHNOLOGIF.S 

The Contractor shall develop proposed methods for deposition and measurement of 
contamination on porous and non·porous substrates. The Contractor shall propose the 
form and characteristics ofthe radioactive contaminants of interest. The Contractor 
shall propose the material and specifications for the coupons. The Contractor shall 
submit a list of candidate corrunercially available decontamination technologies from 
which the COR will choose two for evaluation. 

TASKl: PREPARATION AND APPROVAL OF THE QUALITY ASSURANCE PROJECT 
PLAN(QAPP) 

The Contractor shall prepare a QAPP in accordance with 
http:f/www.epa.gov/quality/qs-docslr5-final.pdfbased on the type of research that is 
being conducted. The Contractor shall comply with all requirements as delineated on 
the "Quality Assurance Planning Requirements Fonn (QARF)" included with this 
contract package (see Attachment #1 to the SOW) and the NHSRC QA requirement 
as defmed in Attaclunent #2 to the SOW. For guidance on preparing a research
specific QAPP, the preparer should refer to the project specific requirements provided 
in NHSRC's QMP. The draftQAPP will be reviewed by the EPA COR and the EPA 
Quality Assurance Manager. The Contractor shall respond to comments and submit 
the QAPP for final approval to the EPA COR and EPA Quality Assurance Manager. 
The QAPP, including any amendments, must be approved by the U.S. EPA in writing 
(e.g., signature oo the approval page) prior to the start of Task 3. Additional 
infonnation related to QA requirements can be found at: 
bttp;//www.epa,gov/qyality/gs·dQstslr5-finaLl2df. 

TASK3: TECJJNOLOGY EvALUATION· EXECUTION 

The Contractor shall follow the procedures described in the approved QAPP. 
This task shall execute all laboratory/field testing sufficient to produce the data 
required to determine the decontamination factors (OF) achieved by application qfthe 
selected decontamination teclmologies. 

TASK 4: DATA ANALYSIS 'AND SUMMARY REPORT 
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The Contractor shall perfonn data analysis to determine decontamination factors for 
selected contaminant(s) and substrate(s) and provide a technical report which shall 
document the results of Task 3, including all data generated. 

~.DELTVERABLESCHEDULE 

Task 1: Within 60 worldng days after award of this WA, the Contractor shall submit to 
NHSRC for approval the draft deposition and measurements methods, the contaminant and 
coupon specifications, and the list of candidate commercial decontamination technologies. 

Task 2: Within 30 working days after NHSRC approval of'the methods and materials 
submitted Wlder Task l, the Contractor shall submit the draft QAPP, in electronic format. 
The QAPP shall contain the detailed experiment design and include a timetable for project 
completion (at an appropriate work breakdown structure level). 

The final QAPP shall be submitted to the COR for approval NL T 30 days following receipt 
of the. coR•s comments on the draft plan. 

Task 3; Shall begin after the QAPP has been approved by the COR. 

Task 4: A single draft technical report documenting the results ofall tasks shall be submitted 
to the COR no later than 2 months after completion of Task 3. The COR will review the 
draft report and provide comments to the Contractor within 30 days of receipt. The final 
technical report will be accepted by the COR after all comments have been resolved. 

VU. REPORTING REQUIREMENTS 
• All products, e.g.t QAPP. technical reports, generated under this WA shall be peer 

reviewed by at least one external (non-EPA) and at least one internal {EPA) reviewer. 
The COR will coordinate the peer review of the draft documents and submit 
comments to the Contractor for product revision and comment response. 

o All data shall be transferred to the COR in electronic fonnat, in MS Excel 
worksheets, before the submission of the draft summary report. The worksheets shall 
be adequately commented to ensure that the data presented is clearly identifiable. 

o On a monthly basis for the duration of the project, the Contractor shaH submit, in 
electronic fonnat, status reports swrunarizing technical p.rogress. (including estimated 
percent of project completed), problems encountered, monthly and cumulative 
financial expenditures, and cost and schedule variance. 

o Transfer of project data shall occur at the conclusion of the testing. This data 
includes reports of the conditions (e.g .• concentrations, temperature, relative 
humidity, etc.) aod all measured variables (e.g., contamination levels). 

• All products developed under th.is SOW (e.g .• the above mentioned technical report) 
shall conform to the requirements of EPA's Handbook for Preparing Office of 
Research and Development Reports (EPA/800/K~95/002). Substantive portions of 
this handbook can be found at www.epa.gov/nhsrc under the policy and guidance tab. 
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NttSRC QUALITY ASSURANCE REQUIREMENTS FORM 
Attachment 1 to the Statement of Work 

I GENERAL INFORMATION 

Title: 

Description: 

Project IO: 

Status: 

Number Ammended: 

Deposition Method Development and Demonstration of Decontl!minatlon Processes for the 
Removal of Radlonuclldes on Urban Materials 

The outcome or this project will be methods for deposition or selected radlonuclides. 

ocr~o 3.19 

Original 

QA Category: Ill 

Action Type: Extramural 

Peer Review Category: IV 

Sec:1.1rlty Classification: FOUO 

Project Type: Applied Research 

QAPP Status 1: Not Oefiver~d 

Vehicle Status: Existing Whlcle 

Vehicle Type: Vehicle Number: EP·C·lO·OOl 

Work Assignment Number: T8D 

Dellvcry{fask Order Number: n/a 

Nodification Number; n/a 

Other: n/a 

If you are ptocesslng an IAG or CRADA, the responsibility for QA must be negotiated within tile agreement. The 
TLPs In comwltatlon with the QAMs In the variovs organizations must agree on, and docvment, which organit:ation wffl 
take the lead for QA, the names of the QAM and TLP from each organization, and the QA requir~Jments that will be 
odhet·ed eo during the agreement. Incfude tills info In the TAGICRADA t:Jackage. 

II SCOPE Ofl WORK 

Yes Ooes the Statement or Work contain the appropriate QA language? 

The awardee shall comply with <~II requirements as delineated on the ~Quality Assurance Planning Requirements 
rorm (QARF)" inctud~ w!th this extramural ac:tfon. The contractor shall prepare a QAPP In accordance with the 
R·2 and R·5 l!lnd/or the attachments provided witn the SOW. The QAPP must be approved prior to the start of 
any work. Additioni!ll information related to QA reqvtrements can be found at 
http://www.epa.9ov/quaHty/qs-docs(rS·final,pdf 

Yes Does this extramural i!lctfon involve the collection, generation, use, and/or reporting of environmental data; the 
desit.Jn, construction, and operation of environmental technologies; or development of software, models, or 
methods? 
(If "No" then skip to Section IV, and sfgn the form.) 

No Will the SOW or any subsequent work assignments or task orders involve any cross·organitational efforts 
within EPA? 

No Has a QAf>P already been approved for the activities !>pecified In the SOW? 
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N/A ls an applicable QAPP in the process of being prepared, revised, or approved by EPA personnel for future use 
by the contractor? (QA approval must be obtained before the contractor can start work.) 

III QA DOCUMENTATION OPTIONS 

All documentation specified under "Other" must be defined in the NHSRC Quality Management Plan and be consistent 
with requirements defined tn fPA Nanual 5360 Al. For all Items checked below, there must be adequate Information in 
the SOW (or its appendices) for the offeror to develop this document11tion. Where applicable, reference a specific 
section ot the sow. (R·2 refers to EPA Requtrem~.J2v.ality Management Plans (QAIB·Zl (EPA/24018·011002, 
03/20101) and R-5 refen; to EPA Requirements {or Ouant>t;6,suranf:e Projer<J; f!li!tJ.$ f.QAtB-5) (EPA/240/8·01/003, 
03/20101). Copies of these document$ are avalfable at flti.Jl;j~qoytquf!li.r.M~aa docs.tJtmt. ) 

After Award Oocumentettian 

Not Applicable Documentation of an organization's Quality System. QMP developed in accordance with: 

Not Applicable 

Other 

n/a 

Not Applic<>ble 

IV SIGNA1'UR.E BLOCK 

Combined documentation of an organiZ!Hion's Quahty System and application of QA and 
QC to the single project covered by the contract: Developed in accordance with: 

Documentation or the app11catlon of QA and QC activities to applicable project(s). 
Developed In accordal'lce with: 

Explain: QA documentation can be developed m accordance wlth R2 and RS or the 
developer can defer to attachment # 1 (QAPP requirements for APPLiED RESEARCH) and 
lf-2 (Quality System Specifications for Extramural Actions) 

Programmatic QA Project Plan with supplements for each specific project, developed in 
accordance with: 

Existing documentation of the application of QA Md QC activities will be used: 

The signatures below verify that the Statement of Wor\1 (SOW) has been reviewed to ascertain the necessary QA and 
QC activities required to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
COR will ensure that the quality requirements indicated on the previous pages of this form are incorporated rnto all 
associated SOWs. (Sfgnldate below, obt<Jin a concurrence signature from the QA Staff, and submit the form atong 
with the ot:her extramural action documentation.) r · 

tJ H. 
/:);./·, \ 'l(5J'\(\ ·:?Hc(?.vd.a .-}:. '--=-· __ _ 

John Dri'lke 
NliSRC-DCMD Technical Lead Person 

10/13/20.10 
Date 

Ramona Sherman 
NHSRC·IO QA Staff Member 

QAPP REQU'IREMENTS FOR APPLIED RESEARCH PROJECTS 
(from AppendiK B o1 the N'HSRC QMP) 

10/1J/20l0 
Date 

An applied research project is o study to demonstrate the performance oltechnologles under deltnod conditions. T11ese studle11sre often pilot· 
or ftQid·scale. The following (equirttmenls should be addressed as applicable. 

SE:CTtON 0.0, APPROVAl. BY PROJECT PARTICIPANTS 

The EPA Tecnnical Lead Person (TLP) shall be responsibla for oblaining signaJures of appropriate projecl participants on the signature 
page of ttle OA plan. documenting agreement to projed objectives and 1he approach ror evaluating thase objecu~~as. 
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A dlstrtbution ~sl shell be provided to facilitate lhe dlslrlbulion of ltle most lec(lnt current version or the QAPP to all lha principal project 
panlc!panls. 

SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 

The purpose of study sha11 be clearly stated. 

1.2 

1.3 

The process. site, lacfllly, andlor environmental systern to be tested shall be described. 

Project obtectives shall be clearly stated and idenlilied as primary or non-primary. 

SECTION 2.0, PROJECT ORGANIZATION 

2.1 Key points ot conLact for each organitalion Involved in tho project shell be identified. 

2.2 All QA Managers and their relaHonship in tho organlnnlons {l,e.,IO<:~tlon wilhln each organiullon) shan be identified wtlh 
evidence that the OA Manager is Independent of projecl managemenl. 

2.3 Responslbllities ot all other project participenls and their relallonship to other project participants shall be identified, meaning that 
organr~allons responsible for planning. coordlnaUon, sample collection, sample custody, measurements (l9., analylical, physical, and process), 
data reducllon, data validation, and report preparation sh<:!U be clearly ldenlill11<1. 

SECTION 3.0, EXPERIMENTAL APPROACH 

3.1 Tl'le general approach and lhe lest cond~ions lor e&ch experimental phase shall be provided. The statistical methods that will. be 
usot.l to evaluate &he data (I.e., ANOVA. or summory statistics) shovld be idenlil!ed. 

(NOTE: As deemed appropriate to the project by the TLP, lhe Information requested in Sections 3.2, 3.3, and 3.4 may be presented here or rn 
Section 4~ ll'le information teques\ed in Sections 3.5 may be presented here or in Section 5: and the lnformalion requested In Sections 3.6 may 
be presented here or in SecUon 7.) 

3.2 The sampling strategy shall be included and evidence must be presented to demonstrate that the strategy is appropriato tor 
meellng primary project Objectives, i.e., a description of the statistical method or s.cionlifie rationale used to selecl sample sites Bnd number or 
samples shall be provided. ' 

3.3 Sampling/monitoring polnls for all measun~menls (i.e., including locallol'l$ and access points) shan bo idenl\fled. . 
3.4 The frequency of sampllngfmonitorlng events. as well as the numbers for each sample type and/or locallon shall be provided; 
Including OC and resetve samples. 

3.5c All measvrements (I.e., analytical (chemical, microbiological. assays}. physical, ond proce&S} shall bo identi!\ed tor each sample 
type or process. and project-speclnc target analytes sh<l!l be listed and classified es crtlieal or noncritical in the OAPP. 

3.6 The plenned approach {stalls Ileal andtor non·slelisllcat) ror evaluating project objectives shall be included. 

SECTION 4.0. SAMPLING PROCEDURES 

~, 1 ~'henever applicable, the method used to establish steady-state condlllons shalt be described. 

4.2 Known si\e~specl£ic !actors lhat may affect samplingfmoniloring procedures shall be described. 

4.3 Any slle preparation needed prior to sampllngfmoniloring shall be described. 

4.4 Each sampling/moniloring procedure to be used shall be dlscu&SQd or referenced. If compositing or sptilling samples. tno:;c 
procedures shall be described. 

4.S For Siamplcs requirlnQ a soll1 snmple lor either OAIQC purposes or for shipment to a diflerenl laboratory, the OAPP shall Identify 
who is res-ponsible for splitting samples, and where ll'le splllling is performed (e.g .. field versus tab). 

4.6 II samplingJmonitoring equipment is used to collect cr1tical measurement dala (1.1:1., used to caicu!ate the llnat concenlratlon or a 
critical parameler), 11'1G QAPP shall describe how the sampling equlprnem is ca!lbraled,lhe fret1uoncy et which it is cotibraled, nnd 111u 
acceptance crl~etia for callbratfon or calibrallon verilicallon, as appropriate. 

<1. 7 If sampling/monilorlng equipment Is used to collect crmcal measurement date, lhe QAPP sha~l describe how cross-contamination 
belween samples is avolde(l, 

4,8 Th<t QAPP shall include a discusSIOn ol ~he procedures 10 be used to assure that representative samples are collected. 

4.9 A list ol sample quantllies to be collecled, and the 5emple amount required tor each analysis,lncluding OC sample analysle, shall 
be specified. 

~.10 Containers used lor sample collection. transport, and storage lor each sample type shan be described. 
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4.11 Oevaibe how samples ere uniquely identified. 

11.12 S:;~mple preservation methods j6.g .. refrigeration. acidi6callon. etc.), lnc;:fuoing specific reagents. equipment. and supplies 
required for sample preseiV!nion shall Do <:lescrlbed. 

4.13 HoldinO lime requirements shall be noled. 

11.14 Procedutes tor packing al"'(l shipping samples shan be descrit:ed. 

4.15 Procedures to main!<~ in chain_ol_custody (e.g., custody seals. r«ords) during transler I rom the field to the laboratory. in the 
latx:m:nory, and among cornractors and subcontractors shall be described lo ensure that sample Integrity is maintained. 

4.16 Sample archival requlrements ror each releva r11 organtz.atlon shell be provide<). 

SECTION 5.0, .TESTING AND MEASURE:MENT PROTOCOLS 

5.1 Each measurement methOd lobe used shell be described in detail or rererem::ecl. Modi!icallons to EPA_ approved or similarly 
validated melhods shall be specified. 

5.2 For unproven melhOds, verilicalion da\a applicable to aKpecled malric~;~s shall be included in U1e QAPP meaning the OAPP shall 
provide evidence that the proposed methoclls capable of achieving lhe desired perform<~nce. 

5.3 For measuremcn\s which require a calibrated syslem, ttle OAFIP shall include specific callbrOiion procedures applicable to each 
project target analyle, and the procedures tor verifying bOth Initial and conllnuing calibrations (including frequency and acceptance crilel'ia, and 
corrective actions to be performed if acceptance criteria are not met}. 

SECTION 6.0, QAIOC CHECKS 

6.1 Ai a mtnimum. lho? OAPP shall Include quantitative acceptance criteria ror OA Objectives asSQcialed wilh accuracy, precision, 
delecltOfl limits, and completeness lor crillca1 measurements (process. physical, and enalyl!ca!, as applicable) for each matnx. 

6.2 Any addilionel project-specific OA objectives shll11 be presented, incliJdlng acceptance criteria. This indudes nems INch as mass 
balance requirements. 

6.3 • The specific procedures used to assess all Identified QA objectives stlall be tully described. 

6.'1 The QAPP sh<~lllist and define ell other OC checks andfor procedures (e.g .. blanks, surrogates. conlfols, etc.) used for lhe 
project, both field and tabora1ol)l. 

6.5 For each specif~d QC check or procEI(Iure, required rrequeneles, associated acceptance criteria, and cOI'rective octlons to Oe 
performed If acceptance crileria are not mel shall be Included. 

SECTION 7.0. DATA REPORTING,, DATA REOUCTION, AND DATA VA\.IOATION 

7.1 

7.2 

1.3 

The repo<~ing requirements (e11.g., units, reporting methoCJ [wet or dryf) lor each measurement and mattix shall ~e identilied. 

The deliverables expected from each organlzalion responsible for lleld end taboratol')l aclivitles shall be listed. 

Oata reduction procedures spec::lrtc lo the project, and also specinc to each OfQBnizatlon, shalll>e summatized. 

7.4 Data vatldal!on procedures SP«iflc 10 each organization used to ensure the reporting of :;~ccurale project data 10 Internal and 
extem1111 clients shall ba summarized. 

7.5 D<Jta storage requirements lor each arganlzalion shall be provided. 

7.6 Tne producl document that will bo prepared for the project shall be specified (o.g., journal Miele, final report. tile.). The contents 
of this document can be referenced to a NHSRC or program-specific QMP, if appropriate. 

SECTION 8.0, ASSESSMENTS 

8."1 The OAPP !lllallldenllly all scheduled audits (1:e .. both technical system audils [TSAs] and performance evaluations !PEs)) to be 
performed, Who wiU perform these audits, and who will receive the audit reports. 

8. 2 • The OAPP shell provide procedures ll'lat are 10 be tollowed Lhat will ensure that necessary corrective actions will be performed. 

6.3 The responsible party(·ies) for lmplemonllng corre<:live eclions shall be Identified. 

SECTION 9.0. REFERENCES 

Flelerences shall be provided either in the bOdy ol the text as footnotes or in 11 separale section. 

Attachment fl. 2 
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NHSRC QA 
·To the Statement of Work 

Requlrements!Oeflnltlons List 
EPAs Quality System Website: ~p;/lwyiw.epa.ggylgua!ltv 
I:PA':s Requlrement.s and Guidance Oocumen(s: http;/lwww.eoa.ru:ryfqyaUtvJga doc;s.html 
EPA's Quality System Websll&: !!..ttp:IIWWW,!IPa.gOy/gua!!Nigs-doc;str§.flnal.pdl 

In accordance with EPA Order 5360.1 1\2., conformance to ANSIIASQC E4 must be demonstrated by submitting the qua lily documentation 
described herein. All Quality documentation &hall be submitted to the Government for review, Tl'le Government will review and relvrn Lhc 
quality documentation. with comments. and indicate approval ot disapproval. If the qua lily documenlalion is 1'\0I approYed, it must be tel/isoo 
to address all comments and shall bo rttsubmltted to tho Government lor approval. Worl< Involving eovlronmontal data collection, generation, 
use, or reponing shall not commence llnlil the Go11ernment has approve the quality documentation. The Quality Assurantlil Project Pion 
(QAPP) shall be submilt~d lo lhe Government at least thirty (30) d<~YS pfior to the lxlginnjng of any environmen\al dala gathering or· 
generation activity in order to allow sufficient time tor review and revisions 10 be completod. Aftet the Government has approved the Quality 
d()Cumenta1ion. the Conlrllctor shall also implament it as writlen and approved by !he Government. 

!:!HSRC'!! Quality Svstem Specifications fo.r. .. ~mu!'!l Actions-

lhestt requlr&ments typically pertain to slnglo projoct effor1s. Tho five specifications are: 

(1) a descrlplion of tho organizaUon's Quality System (QS) and lnformaUon regarding how this QS 1:. documented, 
communicated ancS implemented; 

(2) an organizational chart snowing the position of U\e OA function: 
(3) delineation or the authority and respooslbllllle; of the QA function; 

·(4} the background and oxperlence of the QA personnel who will be assigned to the project: and 
(6} the organlzotfon's general approach for accomplishing the QA spec;Uicatlons In tho sow. 

NHSRC QA Requjrement~/Definitloos List 
Category Level Designations (determines the level of QA required}: 

0 
0 
[} 

0 

Cotogory 1 Projact. applicable to studies performed to generale data used for enforeemenl actlvilies, llllgation, or r•searcn project 
Involving human subjects. The QAPP shall address au elements listed in ·ePA Requirements for OA Projec1 Plans. liP A QAIR-5. 

Cat~:~gory II Prp)ect. applicable to stUdies performed to generate date used in suppon of the development ot environmental 
regulotions or slandar($s. The OAPP shall address an elemenls lillled in "EPA Requirements for OA Project Plans, EPA 0AIR·5. 

Category ttl Project • appl!cal.>le lo proje<;ls involving applied research or l$<:hnOiogy evalua!lons. The QAPP shall address !he 
applicable sections of"EPA Requirements for QA Project Plans. EPA QAJR-5 as outlined in the NHSRC's OMP: QAPP 
requlremenls for lhc specific project type (sco bolow). 

Category IV Project. applicable to proj()cts involving buic research or preliminary oata gathering aellvltics. The OAPP shall 
address \he appllcabto sec lions of ·ePA Requirements for OA Project Planl!, EPA OAIR-5 as ouUinod in lhe NHSRC's QMP 
OAPP roqi.Jlrements lor the specillc project type (see below}. 

Project Types: 
· 'l'hese outlil'les ol NHSRC's QAPP Requirements lor various project types, lrom Appendix a of the NHSRC QMP (except where 
otherwise noted~, aro condensed from typically applicable sections ofR·S (I!PA Requirements for QA ProJect Plans} lind 1ue 
Intended to serve as a lllartlng point when preparing a QAPP. Thoso lists and I heir formal may nol fil every research scenario Dnd 
OAPP's must conto!TI'I to applicable sectlont; of R·51n a way that fully describes I he re$earch plltn and appropriate OA and ac measvres to 
ensure that I no data ttre of adequate qua lily and quanllly to filtheir intenl;led purpose. 

D 
D 

Applied Research Project. pertains to a study performed to generate data to demonstrate the performance of accepted 
proce&sos or technologies under defined condilions. iheso studfr~5 are often pilot· or field-scale The QAPP shell address en 
requirements listed in "CAPP Requlremon!s for ApplleCI Research ProJects• from Appendix S or the NHS~C OMP. 

Basic Research Project· pertains !o o study performed to generate data used !o eVi:IIUato unproven !heorlcs, proces~;es. or 
technologies. 'l'heso studies are often bench·scalo. Tho QAPP shall address atl requirements listed in 'QAPP Requircmen!s lor 
Basic Research Projects" rrom Awendhc B of lhe NHSRC QMP. 

Ooslgn, Construction, and/or Operation or environmental Technology Prcjoct • peJ1ains to environmental techno!OlJY 
designed, co11$1ruded 11ndfor operated by an<llor for EPA. The QAPP shall ;tddress requirements In the EPA Quality Sys1em 
document'Guidllnce on Qua lily 1\ssuraneo ror En..,ironmenlal Technology Design, Constti.Jclion, and Operation• 13·11, at 
h!!D:II'WWy:l epa.govlgyi,JiiLvlOS:doCI!l91Hinai·~,IJdf. For addilionallnfo!TI'Ia\lon. you may reler to Part C of "Specifications and 
Guidelines ror Ouallly Sysloms ror Envlronmontal Dsla Collection and Envlronmcfltot Technology: ANSIIASOC E4·1994. American 
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D 
D 
0 
D 
0 

D 

Society for Quality Control. Milwaukee, WI, January 1995. 

Geospatlal Data Quality Assurance Project ·pertains to data collection: data processing and analysis: and data validation of 
geospallal applications. n1e QAPP shall adtiress requirements In lho EPA Quality System document "Guidance for Geospalial 
Data Quality Assurance Project Plans" G·5S at ll.IJl2;ffw\:IJ'tY,eQ!MOII/guatilytQS-docstg5q·Onai-P5.pd~ 

Method Development Project· penains to situations where there is 110 existing standard method, or a standard method needs ta 
oo signiflcanUy modified 1or a specific applicaUon. The QAPP shall address all requirements listed in "QAPP Requlremenls for 
Method Development Projecls• !rom Appendix 8 ollhe NHSRC OMP. 

Model Developmont Project -Includes alllypes of mathematical models including static;, dynamic, de!erminis!ic, stochi!slfc. 
mechanistic. empirical, etc. The ClAPP shall addre5s requirements in the EPA Oualily System document "Guidance for Ouallty 
Assurance Pro,eel Plans for Modeling• G·5M at ll1\Q:l/wWW,!!IJI.aQ'ilguallty/QS·docslq5m·linal.l:ld!. 

Sampling and Analysts Project • pertains to ll'te collection and analysl$ t~f samples wilh no objectives other than to provl:le . 
characteriJ:atlon or monitoring informallon. The QAPP Shall address all requirements listed in •QAPP ~equircmen!s ror Sampling 
and Analysis Projects" from Appendix B t~f the NHSRC QMP. 

Secondary Oata Project. pertains to environmental data collected from other sources. by or tor EPA, that are used lor purposes 
olher lhan those orlginalty intended. Sources may include: lileratura, Industry surveys, compilations from computerized databases 
and Information systems. and computerized or mathemallcal models of environmenlal processes. The QAPP shall addmss all 
requirements listed In "QAPP Requirements for Secondary Oala Projec1s' from Appendi)( B or the NHSRC QMP, 

Softwaro Oovelopment and Data Management Project· pertains to sof\ware c'evelopment, sonwarelllardwar~ 
systems development. dalaba$e design and maintenance. data validation and verilication systems. The QAPP shall addrl!!ss all 
requirements listed In "QAPP Requirements for Sofiware Development Projects• from Appendix B olthe NHSRC QMP. 

Oefinitions: 

Environmental Data. These are any measurement or informaUon that describe environmental processes. location. or conditions: ecological 
or health effects directly from mei1u;uremenls, prOduced rrom software and models. and compiled from other sources such as data bases or 
the litera lure. ForE PA. envi10nmental data include information collecled directly from measurements, produced from software and models. 
and compiled lrom other sources such as dala bases or literature. 

Incremental Funding. Incremental funding is partial funding, no new wo'rk. 

Quality Assurance (CIA}. Quality assurance Is a system or management activities to ensure that a process, item, or si!INice I$ of lheLype 
and quality needed by 111e customer. ll deals wllh setting policy and running an admtniWaUve system of management controls I hat cover 
planninq, implementation, and review or data eonecuon acltvrties and the use or data In decision makmg. Quality assurance Is just 01'e part of 
a quaMy system. 

Quality Assurence Project Plan (QAPP) ·A OAPP is a document !hat describes the necessllry quality assurance, quality control, and other 
technical !Wtlllilies that must be implemented 10 en&ure that the resulls or the work performed will satisfy the staled performance crltesia A 
QAPP documents project·specific information. 

Quality Control {QC). Quahly control Is a technical runclion lhallnctvtfes a lithe selenliflc p~cauliom;, such as clllibrallons and dyplicalions, 
which are needed to acquire da1a or known and adeqvate quallly. 

Quality Management Plan (CIMP}. A QMP 1$ a document lllal describes an organlzation's/program's quality system 1n terms or the 
organizational stluclure, polfcy and proceduru, funct!t~nal respcnsibiliUes ol management and Shiff, lines or authority, and re~uired interfaces 
lor those planning, implementing. documenting, and usesslng all ac~<vities condueled. A QMP documents the overall organization/program, 
and Is primarily appricable to mu[ll-year, mulli-project efforts. An organiution'$/program's QMP shall addross all elements lfsled In \he 
'Requirements for Quality Management Plans· in Appendix 8 or I he NHSRC QMP. 

Quality Systom • A quality system is the means by which an organization manages its quality aspects in a systematic, otganized manner and 
provides a framework for planning, lmptemenling, and ass~sslnq work perlormed by an organization and for carrylng oul required quality 
assurance and quality control aclivilies 

~-2. EPA Requirements lot Quality Management Plens {EPN24018-011002) Mar<:h, 2001 bllo;{[w,m,epa,gov/gualityiOS·docstr2-!inal.pdl 

R-5. EPA Requ!remenls tor Quality Management Plans (5PN24016·011002) March. 2001 btlp:l/wwvl,epa.goylquallly/QS·docs!r5-final.!l!tl. 
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Substantive Cllange. Sobstanlive chango 1$ any change In an activity that· may aller. the quality of data being used, generated, or g;l!hered. 

T&ehntcal Load Per~; on tTl.P) • Thi& person is technically responsible for the project. For extramural contract wor1\, the TLP i& typ1cally tile 
conlracting offlcets representative {COR). For Intramural work. the TLP is typically the Principal lnveJtigator. 

AbbrevlatiQns: 
COR Contracting Officer's Represent.!! live 

NHSRC National Homeland Securily Research Center 

NRMRL National Risk Management Resoarctl Laboratory 

OAID Quality Assurance ldenunc:ation 

QAPP Quality Assurance Project Ptan 

as Quality System 

TLP Teellnlcal Lead Person 

Altathment #2 to lhe Statement of Work 
Revision 1. Man::lll!006 
NHSRC06102 
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lAO 
OA 

CAM 

QMP 

sow 
CRADA 

Interagency Agreemenl 

Quality As:;ur;~nce 

Ouatll~ As$urance Mani!lgtr 
Quality Management Plan 

Statement of Work 

Cooperative Researt:h & Development Agreement 



United States Environmental Protection Agency 
Work Assignment Number 

Washington, DC 20460 1-14 
EPA 

Work Assignment D D Amendment Number: Other 

Contract Number I Contract Period 10/21/2009 To 08/31/2011 Title of Work Assignment/SF Site Name 

EP-C-10-001 Option Period Number 1 Deposition Method Development 
Contractor I Specify Section and paragraph of conlract SOW 

BATTELLE MEMORIAL INSTITUTE Section 3.1 
Purpose: D Wor1< Asslgnmenl D Wor1< Asslgnmenl Close.Oul Period of Performance 

D Wor1< Assignment Amendmenl 0 Incremental Funding 

fil War!< Plan Approval From 11/05/2010 To 08/31/2011 

Comments: 
Deposition Method Development and Demonstration of Decontamination Processes for Removal of Radionuclides on Urban 
Materials. 

D Superfund Accounting and Appropriations Data [ ~ Non·Supertund 

SFO D 
Nole: To report additional accounting and appropriations dale use EPA Form t900-69A. 

(Max 2) 

! OCN BudgeVFY Appropriation Budget Org/Code Program Element Object Class Amount (Dollars) (Cents) Site/Project Cost Org/Code 
(Max6) (Max4) Code (Max6) (Max7) (Max9) (Max4) (Max8) (Max7) 

1 

2 

3 

4 

5 

Authorized Work Assignment Ceiling 

Contract Period: CosVFee: $0.00 LOE: 0 
10/21/2009 To 08/31/2011 
This Action: $0.00 1,450 

. 
Total: $0.00 1,450 

WOrk Plan I Cost Estimate Approvals 

Contractor WP Oeted: 01/26/2011 CosVFee: $304,814.00 LOE: 1,796 
Cumulative Approved: CosVFee: $304,814.00 LOE: 1,796 

Wor1< Assignment Manager Name John Drake Branch/Mail Code: 

Phone Number 513-235-4273 

(Signsl<m>) (Dale) FAX Number. 

Project Officer Name Shannon Serre Branch/Mail Code: 

Phone Number: 919-541-3817 
(~1gnaturs) (Dale) FAX Number: 

Other Agency Official Name Richard Makepeace Branch/Mail Code: 

Phone Number: 5.13-487-2193 
1'§lgnalurs) (Date) FAX Number: 

Conlractlng Official Name Mat thew Growney Branch/Mail Code: 

Y?J~J.. J \\- »t~. ./ L L;;. c. La Phone Number: 513-487-2029 
Signature r II Date FAX Number: 513-487-2109 ..., v 

Wori<Assignment Form. (WebFonns vt.O) 



United States Environmental Protection Agency 
Work Assignment Number 

Washington, DC 20460 1-15 
EPA 

Work Assignment D D Amendment Number: Other 

Contract Number I Contract Period 10/21/2009 To 08/31/2011 Title of Work Assignment/SF Site Name 

EP-C-10-001 Base Option Period Number 1 Impact of CBR Contaminated Sed 
Contractor I Specify Section and paragraph of Contraci SOW 

BATTELLE MEMORIAL INSTITUTE Section 2, paragraph 1, item 3 
Purpose: [K] Work Assignment D Work Assignment Close-Out Period of Performance 

D Work Assignment Amendment D Incremental Funding 

D Work Plan Approval From 01/27/2011 To 08/31/2011 
Comments: 

D Superfund Accounting and Appropriations Data IKJ Non-Superfund 

D 
Note: To report additional accounting and appropriations date use EPA Form 1900-69A. 

SFO 
(Max2) 

(J) DCN BudgeUFY Appropriation Budget Org/Code Program Element Object Class Amount (Dollars) (Cents) Site/Project Cost Org/Code c: 
(Max6) (Max4) Code (Max6) (Max7) (Max9) (Max4) (Max B) (Max 7) ::J 

1 

2 

3 

4 

5 

Authorized Work Assignment Ceiling 

Contract Period: CosUFee: LOE: 
10/21/2009 To 08/31/2011 
This Action: 

Total: 

Work Plan I Cost Estimate Approvals 

Contractor WP Dated: CosUFee: LOE: 

Cumulative Approved: CosUFee: LOE: 

Work Assignment Manager Name Scott Minamyer Branch!Mail Code: 

Phone Number 513-569-7175 

(Signature) (Date) FAX Number: 513-487-2555 
Project Officer Name Shannon Serre Branch!Mail Code: 

Phone Number: 919-541-3817 
(Signature) (Date) FAX Number: 

Other Agency Official Name Richard Makepeace Branch!Mail Code: 

Phone Number: 513-487-2193 
(Signature) (Dale) FAX Number: 

Contracting Official Name Matthew Growney Branch!Mail Code: 

Phone Number: 513-487-2029 
Signature Date FAX Number: 513-487-2109 

Work Assignment Form. (WebForms v1.0) 



STATEMENT OF WORK 

Impact of CBR Contaminated Sediments on Flushing and Decontamination of Drinking 
Water Storage Facilities 

I. TITLE 

Contract Number EP-C-10-001 
WA 1-15 

Impact ofCBR Contaminated Sediments on Flushing and Decontamination of Drinking Water 
Storage Facilities 

II. PERIOD OF PERFORMANCE 

The period of performance for the tasks detailed in this Statement of Work (SOW) shall be from 
date of award through 08/31/2011. 

III. BACKGROUND 

The EPA's National Homeland Security Research Center (NHSRC) conducts research to protect, 
detect, respond to, and recover from terrorist attacks on the nation's water and wastewater 
infrastructure. Among concerns of such attacks is the adsorption of chemical, biological, or 
radiological (CBR) contaminants to sediments in drinking water storage tanks and reservoirs. 
Sediments can serve as sinks for contaminants and adhesion to sediment particles following the 
introduction of CBR agents must be taken into account when developing treatment and 
decontamination strategies. Research is needed to better understand the adherence and 
persistence of selected contaminants on storage facility sediments and methods for flushing and 
decontamination. 

Water storage facilities are used to store water from wells or water treatment facilities at times 
when demands for water are low for use during periods of high demand. Storage facilities may 
consist of large reservoirs behind dams (impoundments) or service storage reservoirs located at 
water treatment plants or at various places in distribution systems. Operational service storage 
tanks in distribution systems may include clear wells, pressure tanks, elevated tanks, ground
level tanks or reservoirs, or underground facilities. 

The accumulation of sediments in storage facilities can be problematic even under normal 
operating conditions, especially if tanks and reservoirs are not routinely inspected and 
maintained. Over time, there is a potential for a significant volume of sediment to accumulate. 
Typical water quality problems may include loss of chlorine residual and growth of bacteria. 
Chemical water problems may be caused by leaching of chemicals from tank linings or coatings. 
Leaching of chemicals could cause taste and odor problems, and the quantity of disinfection by
products in the treated water could increase during storage. Common causes of physical water 
quality problems include settling and collection of sediment, rust, and chemical precipitates. 



IV. OBJECTIVE 

The objective of this Task Order is to increase the scientific understanding of the effects of 
contaminated sediments on continued operations of drinking water storage facilities following 
the introduction of chemical, biological, or radiological agents and impacts on decontamination 
or flushing strategies. Additional knowledge in this area will be useful to water utilities and 
other decision-makers in assessing impacts of an event and selecting effective methods for 
handling contaminated sediments and decontaminating the storage facilities. 

V.SCOPE 

This study involves obtaining sediments from actual water tanks at various locations and 
investigating the adsorption of selected contaminants (with a range of adsorptive properties) onto 
the sediments. Storage tanks are expected to have a lot of sediment in them, which could impact 
flushing strategies following a contamination incident, particularly if contaminants have 
adsorbed to the sediment. If significant adsorption occurs, utilities will need to take it into 
account when developing a flushing or decontamination plan. The study will examine the 
adsorption potential of target CBR contaminants to various sediment constituents, investigate 
how sediments may affect the flushing of contaminated tanks and other distribution system 
infrastructure, and identify any general properties that can be applied across various types of 
sediments to assist with development of flushing or decontamination strategies. Potential 
contaminants to be studied include cesium, cobalt, strontium, Bacillus spores, potassium cyanide, 
chlordane, and other chemicals that span a range of adsorptive mechanisms and values (i.e., ion 
exchange or different hydrophobicity levels). 

VI. TASKS 

The Contractor shall perform the following tasks: 

Task 1. Prepare Quality Assurance Project Plan 

In collaboration with the EPA Task Order Manager, the Contractor shall develop data quality 
objectives, which in turn shall serve as the basis for the quality assurance plan. The Contractor 
shall prepare a Quality Assurance Project Plan (QAPP) that complies with all requirements 
delineated under "Quality Assurance" below. 

Task 2. Conduct Literature Search to Identify Research Previously Conducted 

Within 30 days following EPA approval of the Quality Assurance Project Plan, the Contractor 
shall conduct a literature search to identify research already completed on the association of the 
contaminants mentioned under the project "Scope" above with drinking water distribution 
system storage facility sediments. The review may also include studies on contaminants of 
concern in relation to non-storage facility sediments, such as river sediments, where results are 
likely to be applicable to the focus of this Task Order. The Contractor shall deliver the results of 
the literature search to the EPA Task Order Manager no later than 35 days following QAPP 
approval. 
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Task 3. Collect Sediment Samples from Several Utility Drinking Water Storage Facilities 

Within 60 days following delivery of the Literature Review completed under Task 2 to EPA, the 
Contractor shall collect sediment samples from utility storage facilities at five different locations 
approved by the EPA Task Order Manager. Sediments may be obtained from storage tanks, 
reservoirs, clear wells, or other sediment sources approved by the EPA Task Order Manager. 

Task 4. Propose an Approach for Sediment Sample Analysis 

Within 60 days following delivery of the Literature Review completed under Task 2 to EPA, the 
Contractor shall develop and submit for EPA approval a proposed plan for conducting sediment 
sample analysis. Such analyses might include particle constituents and size distribution, total 
suspended solids, dissolved organic carbon concentration, density of suspended bacteria, or other 
parameters suggested by the literature review completed in Task 2 or existing knowledge of the 
Contractor. EPA will review the plan and return comments within fifteen days following 
submission to the EPA Task Order Manager. The Contractor shall incorporate EPA comments 
into a final plan within 15 days following receipt of EPA comments for EPA approval. 

Enclosed with this Statement of Work are three peer reviewed journal articles describing 
research projects featuring various analytical approaches. These are provided as examples and 
for informational purposes only, but illustrate potentially relevant adsorption experiments and 
data handling for the various types of adsorptive processes involved with drinking water storage 
facility sediments. 

Task 5. Perform Analysis of Sediment Samples 

Within 60 days following EPA approval of the sediment sample analysis plan completed under 
Task 4, the Contractor shall analyze the sediment samples as prescribed in the plan and report 
results to the EPA Task Order Manager. The Contractor shall also analyze samples for the 
presence of metals, radioisotopes, and the contaminants being studied. Sediment analysis results 
shall be included in the final study report submitted to the EPA Task Order Manager upon 
completion of the task order. 

Task 6. Propose a Plan to Determine the Adherence of Target Contaminants to Sampled 
Sediments 

Within 30 days following the completion of Task 5, the Contractor shall propose to the EPA 
Task Order Manager a plan for determining the level of adherence of target contaminants to 
sediments comprising the samples collected under Task 3. EPA will review the draft plan and 
return comments within 15 days following delivery of the draft plan. The Contractor shall 
incorporate EPA comments into a final plan within 15 days following receipt of EPA comments 
for EPA approval. 
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Task 7. Perform Study to Determine Adherence of Target Contaminants to Sediments 

Within 60 days following EPA approval of the study design developed under Task 6, the 
Contractor shall perform the studies to determine the concentration of introduced target 
contaminants adhering to sediments versus the concentration remaining in the bulk water. As 
part of this task, the Contractor shall develop a model for predicting the adhesion of 
contaminants, based on measurable sediment properties and contaminant properties. The 
predictive model shall be useful for enabling decision makers to take meaningful courses of 
action related to the adhesion propensity of sediment/contaminant combinations for which 
experimental data is not available. 

Task 8. Develop Study Report 

Within 30 days following completion of Task 5, the Contractor shall develop a draft study report, 
in Microsoft Word, and deliver the draft to the EPA Task Order Manager for review. EPA will 
review the draft and provide any comments and changes within 15 days. The Contractor shall 
incorporate any changes and deliver a final report within 15 days following receipt of EPA 
comments. The Contractor shall also deliver all experimental data to EPA in electronic format 
along with the final report. 

DELIVERABLE SCHEDULE 

Task 1. QAPP within 60 working days following approval of the Work Plan. 

Task 2. Literature review results within 30 days following QAPP approval. 

Task 3. Sediment Samples collected from several utility drinking water storage facilities within 
60 days following delivery of literature review results to EPA. 

Task 4. Proposed plan for sediment sample analysis within 60 days following delivery of 
literature review results to EPA and final plan within 15 days following receipt of EPA 
comments. 

Task 5. Results of sediment sample analysis within 60 days following EPA approval of the 
sample analysis plan delivered under Task 4. 

Task 6. Proposed study design to determine the adherence of target contaminants to sampled 
sediments within 30 days following the completion of Task 5 and a final plan within 
15 days following receipt of EPA comments. 

Task 7. Study performed to determine adherence of target contaminants to sediments within 60 
days following EPA approval of the study design delivered under Task 6. 

Task 8. Draft study report within 30 days following completion of Task 7 and final report 
within 15 days following EPA approval of the draft report. 
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REPORTING REQUIREMENTS 

On a bi-monthly basis for the duration of the project, the Contractor shall submit in electronic 
format a status report summarizing technical progress, problems encountered, and budget 
expended to date. 

QUALITY ASSURANCE 

The awardee shall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action, see attachment #1 
and #2. The contractor shall prepare a QAPP in accordance with http://www.epa.gov/qualitvlgs
docs/r5-final.pdf or based on the type of research that is being conducted. For guidance on 
preparing a research-specific QAPP, the preparer should refer to the project specific 
requirements provided in NHSRC's QMP. The QAPP must be approved prior to the start of any 
laboratory work. Additional information related to QA requirements can be found at 
www.epa.gov/quality. 
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Despite their strong hydrophobicity, recent studies showed 
widespread occurrence of pyrethroid in downstream surface 
waters bodies. In this work, the effect of dissolved organic carbon 
!DOC) on the sorption and desorption of pyrethroids in 
sediment was evaluated to understand the role of DOC in 
facilitating pyrethroid transport. Presence of DOC from three 
sources at 38 ± 2 mg L -l in the aqueous phase decreased 
pesticide sorption to a sediment by 1.7 to 38.9 times and 
increased their desorption by 1.2 to 41.4 times. The effect on 
pyrethroid sorption to the sediment was linear. In addition, 
interactions between DOC and pyrethroids, when taking place 
prior to the contact with sediment, decreased sorption of 
some pyrethroids even further, implying that DOC-pyrethroid 
complexs were relatively stable in solution. DOC sources with 
higher contents of carboxylic and phenolic groups were 
found to have a higher potential to associate with pyrethroids. 
The DOC-water partition coefficients !Koocl obtained by solid
phase microextraction measurement were significantly correlated 
!P < 0.01) with Kd values measured for the sediment. These 
results provide evidence that DOC increases the distribution of 
pyrethroids from the sediment to the solution phase and 
plays an important role in mobilizing pyrethroids in runoff and 
surface streams. 

Introduction 

Pyrethroids, despite their strong affinity for the soil phase, 
have been found to move from the original application or 
contamination site to downstream surface water bodies via 
surface runoff. In surface water bodies, some pyrethroids 
have the potential to bioaccumulate or exert toxic effects on 
aquatic wildlife (1, 2). A recent example of off-site transport 
of pyrethroids is their widespread occurrence in bed sedi
ments in both urban and rural watersheds of California and 
other regions (1- 5). Pyrethroids are extremely hydrophobic 
with log Koc from 5.1 to 6.0 (6). The strong sorption to the 
bed sediment should render these chemicals less mobile after 
application {7, 8). 

Previous studies have showed enhanced solubility of 
hydrophobic organic contaminants (HOCs) in the presence 
of dissolved organic carbon (DOC) from different sources 
and suspended materials ( 9- 15). Thus, sorption to suspended 
materials and DOC has been assumed the mechanism for 
offsite HOCs movement via overland flow. Recent studies 

* Corresponding author phone: 951-827 -3860; fax: 951-827 -3993; 
e-mail: Imoreno@ucr.edu. 
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employing selective sampling methods such as solid-phase 
micro extraction (SPME) have provided evidence on the strong 
association of pyrethroids with DOC (16-18). For instance, 
in sediment supernatant or porewater, 62.5-99% of bifen
thrin, A.-cyhalothrin, permethrin and cyfluthrin were associ
ated with DOC (19, 20), and the magnitude of sorption to 
DOC varied with the sources of DOC (21, 22). 

Concentrations of DOC in the environment range from 
2-3 mgL- 1 in precipitation to 10-50 mgL-1 in runoff water 
and in porewater of organic soil horizons (23). The level of 
DOC in runoff water is often elevated after a heavy rain event 
(24). Application of organic carbon amendments such as 
compost, mulches, and biosolids is a popular practice in 
agriculture and urban gardening operations. The addition of 
organic amendments increases the DOC content in runoff 
water (25-27). The strong sorption of pyrethroids to DOC 
may increase the mobility of pyrethroids during a runoff 
event by effectively decreasing their sorption to and increas
ing their desorption from the solid phase. However, so far 
no study has quantitatively examined the effect of DOC on 
sorption and desorption of pyrethroids and little is known 
about the influence of factors such as sources of DOC and 
preinteractions between DOC and pyrethroids. 

The objectives of this study were to evaluate the effect of 
DOC of different origins on the partition of pyrethroids 
between sediment and water and to understand the influ
ences of preinteractions and properties of DOC solutions. 
The results from this study may be used to improve prediction 
of HOC transport via processes such as runoff by providing 
environmentally relevant Kd values. 

Materials and Methods 
Chemicals and Sediment. Standards of bifenthrin (BF) 
(99.0%), permethrin (PM) (38% cis-PM and 60% trans-PM) 
and cyfluthrin (CF) (95.2%) were purchased from Chern 
Service (West Chester, PA). These chemicals were dissolved 
in acetone separately as stock solutions. All other solvents 
and chemicals used were of gas chromatography (GC) or 
analytical grade. 

The sediment was taken from the Jordan Lake Reservoir 
UL) in Chatham County, NC and was free of pyrethroid 
contamination. The sediment was wet-sieved through a 
2-mm mesh, drained, air-dried, and mixed before use. The 
percentages of sand (78%), silt (17%), and clay (5%), pH (7.4), 
cation exchange capacity (2.8 meq 100 g-1), and OC content 
(0.24%) were measured, using the methods described in the 
Supporting Information (SI). The DOC content of the 
sediment porewater (extracted by centrifugation at 15 000 
xg for 20 min) was 3.8 ± 2.8 mg L- 1 as determined by 
combustion of a porewater sample at 720 oc on an Apollo 
9000 total OC analyzer (Tekmar-Dohrmann, Mason, OH). 

Preparation of DOC Solutions. Solutions of DOC were 
prepared from three sources: (a) the upper layer (0-25 em) 
of a citrus orchard soil (DOCs) (Riverside, CA); (b) a 
commercial potting mix (DOCp) (Redi-Gro, Sacramento, CA) 
consisting of a mixture of composted forest products, 
composted organic matter, pumice, sphagnum peat moss, 
sand, and dolomite lime (pH stabilizer); and (c) a yard waste 
compost product (Riverside, CA) (DOCc). The DOC stock 
solutions were prepared by mixing the different organic 
materials with ultra pure water using a solution to solid ratio 
of 2:1 (v:w) on a shaker for 2 h. The slurries were centrifuged 
at 12 000 xgfor 20 min and filtered through polycarbonate 
membranes (0.45 ,urn pore diameter) to derive the DOC 
solutions. The DOC stock solutions were amended with NaN3 
(0.01 %) and kept at 4 oc in the dark. Immediately before use, 
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TABLE 1. Selected Propenies of Dissolved Organic Carbon 
(DOC) and Characteristics of DOC Solutions Used in the 
Sorption and Desorption Measurements 

DOC Source• 

SUVA254 (L mgC-1 m-1)b 

HI XC 
c (%)d 
H (%) 
0(%) 
N (%) 
S(%) 
H/C 
0/C 
carboxilyc acid (mole kg-1 ) 

phenolic acid (mole kg-1) 

pH 
I 
Ca2+ (mg L - 1) 

Mg2+ (mg L - 1) 

Na+ (mg L-1) 

K+ (mg L-1 ) 

DOCs DOCp DOCc 

DOC properties 
5.13 1.72 4.76 

48.7 11.3 28.9 
23.0 8.8 6.6 
4.5 2.1 1.2 

60.8 77.8 79.4 
10.8 2.4 12.8 
0.9 8.9 0.1 
2.4 2.9 2.3 
2.0 6.6 9.1 

15.7 23.8 26.9 
55.5 112.3 149.7 

DOC solution charactertistics• 
6.3 6.7 7.1 

28.5 32.8 33.3 
417 423 415 

3.7 10.9 8.6 
40.9 34.5 23.8 
34.0 99.5 223.5 

8 DOCs, DOC extracted from soil; DOCp, DOC extracted 
from a potting mix; DOCc, DOC extracted from a compost 
product. b UV absorbance at 254 nm divided by the 
dissolved organic carbon concentration. c Humification 
index. d All elemental contents were corrected by the ash 
content. • Measured in the DOC solution containing CaCI2 
0.01M. 

the DOC stock solutions were diluted to the desired con
centrations with ultra pure water. Selected physical and 
chemical properties of the DOC solutions are given in Table 
1. Details on the DOC characterization methods are described 
in SI. 

Sorption Experiments. Sorption of pyrethroids to sedi
ment was determined using two methods. In the first method, 
2.0 g of sediment was placed in a 250-mL glass centrifuge 
bottle and spiked with 0.5 mL of a mixture ofBF, PM isomers 
and CF in acetone to give a final concentration of 1 to 5 ,ug 
g- 1• Mter the carrier solvent was evaporated, 100 mL of0.01 
M CaClz solution or a DOC solution containing 0.01 M CaC12 
and DOC at 38 ± 2 mg L -I was added and the samples were 
mechanically shaken end-overend at 15 rpm for 16 h. 
Preliminary kinetic experiments showed that sorption ofBF, 
PM, and CF to the sediment was very rapid, and an 
equilibrium was reached within 3 h of mixing. In the second 
method, 0.01 M CaClz or DOC (containing 38 ± 2 mg L -I 
DOC and 0.01 M CaC12) solutions were spiked with BF, PM 
isomers, and CF at 20, 40, 60, 80, and 100 ,ug L- 1 and mixed 
at 15 rpm for 24 h, time sufficient to ensure equilibrium 
based on preliminary experiments. The pesticide-spiked 
solutions (100 mL) were then mixed with 2.0 g of sediment 
in 250-mL glass centrifuge bottles for 16 h. In this experiment, 
pesticides were allowed to interact with DOC prior to their 
contact with the primary sorbent phase (i.e., sediment). In 
both experiments, the use of a relatively large solution-to
sediment ratio was necessary because the aqueous-phase 
concentration at equilibrium was very low due to strong 
sorption. Triplicate samples were used for each treatment. 

Upon equilibrium, the sediment and aqueous phases were 
separated by centrifugation at 500 xg for 15 min. To 
determine the apparent pyrethroid concentration in the 
aqueous phase, 50 mL of the supernatant was transferred to 
a 250-mL glass separatory funnel and was extracted with 
methylene chloride. The recovery of the extraction method 
was 74-87% for BF, 76-95% for cis-PM, 80-93% for trans
PM, and 89-102% for CF. Analysis of the final extract on a 
GC equipped with an electron capture detector gave the whole 
aqueous-phase concentration CCw). Pyrethroid residues in 
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the sediment phase were extracted by ultrasound-assisted 
extraction with methylene chloride: acetone (1:1, v/v). The 
average recovery of the sediment extraction method was 85% 
for BF, 90% for cis-PM, 88% for trans-PM and 89% for CF. 
An aliquot of the final extract was analyzed on GC-ECD to 
derive the sorbed concentration (C5). Detailed sample 
preparation and analysis information is given in the SI. 

The sorption isotherms were initially fitted to both the 
Freundlich equation and a linear relationship, and a better 
fit was found with the linear model, from which the 
distribution coefficient Kd (L kg- 1

) was estimated from the 
slope of the linear regression line: 

(1) 

Sorption of pyrethroids to the sediment was further 
measured by adding DOCc at incremental concentrations 
(0, 5, 15, 38, 55 mg L - 1). This experiment was intended to 
understand the dependence of Kd on the DOC level in the 
aqueous phase. 

Sorption of pyrethroids to DOC was also determined 
without the sediment phase using conditions similar to those 
described above. Solutions of DOC (containing DOC at 38 
±2 mgL -l and0.01 M CaC12) werespikedwithBF, PM isomers 
or CF at 0.5, 2, 5, and 10 ,ug L -I and the pesticide solutions 
were agitated end-overend at 15 rpm for 24 h. An aliquot (18 
mL) of the equilibrated solution was analyzed using a 
previously developed SPME method (20) to determine Cw-!ree 
(ugL -I). Another aliquot (50 mL) was subjected to liquid -liquid 
extraction with methylene chloride to determine the whole 
concentration Cw. The DOC-sorbed concentration of pyre
throids (C00c, in ,ug kg- 1) was calculated as follows: 

C ~-~-free 
DOC= [DOC] (2) 

where [DOq is the DOC concentration. The DOC-water 
partition coefficient Kooc (L kg-1) was estimated using: 

Cooc 
Kooc = -r--

"w-!ree 
(3) 

Desorption Experiment. Desorption of pyrethroids from 
the sediment was measured using samples of the highest 
concentration following the sorption experiment. Desorption 
was achieved by replacing 90 mL of the supernatant with 90 
mL of pesticide-free 0.01 M CaC12 solution or DOC solution 
(containing DOC at38 ± 2 mgL- 1 and0.01 M CaClz).Ateach 
desorption step, the tubes were mechanically shaken end
overend for 24 h at 15 rpm. The same desorption step was 
repeated for four successive times for the same samples. 
Pyrethroid concentrations in the aqueous and solid phases 
were determined as described above. Total solid content (TS) 
was also measured in the supernatant after one desorption 
step, as described in SI. 

Statistical Analysis. The regression lines of the sorption 
isotherms were compared using the STATGRAPHICS Plus 
5.1. statistical software (Statistical Graphics, Princeton, NJ). 
SPSS version 13.0.1 statistical software (SPSS, Chicago, 
Illinois) was used for the one-way ANOVA analysis. 

Results and Discussion 
Decrease of Sorption to Sediment by DOC. Sorption was 
first determined using the conventional batch method where 
the pesticides and DOC source were added simultaneously. 
To eliminate the potential effect of pyrethroid sorption to 
glass surfaces, concentrations from both the aqueous and 
sediment phases were determined. Mass balance for the 
different treatments ranged from 73 to 104%. In preliminary 
experiments, after equilibration for 24 h, no significant 



TABLE 2. Partition Cefficient (Kd. L kg-1) of Bifenthrin, 
cis-Permethrin, trans-Permethrin, and Cyfluthrin in Jordan 
Lake Sediment Equilibrated with Water and Dissolved Organic 
Carbon Solutions from DiHerent Sources at 38 ± 2 mg L - 1 

(Mean ± Sandard Dviation) 

compound 

bifenthrin 
cis-permethrin 
trans-permeth ri n 
cyfluthrin 

water DOCs" DOCc 

without preinteraction ( x 1 02) 

83.7 ± 0.0 38.9 ± 1.0 3.8 ± 0.1 2.1 ± 0.1 
49.7 ± 1.4 23.2 ± 0.5 4.3 ± 0.2 1.8 ± 0.1 
37.3 ± 1.3 19.9 ± 0.5 4.3 ± 0.2 2.0 ± 0.1 
36.4±1.1 21.1±0.4 5.8±0.1 2.7±0.1 

with preinteraction ( x 1 02) 

bifenthrin 81.0±1.7 29.4±1.1 2.5±0.1 1.0±0.1 
cis-permethrin 43.6 ± 1.5 21.9 ± 0.8 2.8 ± 0.1 1.2 ± 0.1 
trans-permethrin 33.0 ± 1.2 18.8 ± 0.6 3.2 ± 0.1 1.3 ± 0.1 
cyfluthrin 34.0 ± 1.1 21.0 ± 0.6 4.6 ± 0.1 1.4 ± 0.1 

8 DOC5, DOC extracted from soil; DOCp, DOC extracted 
from a potting mix; DOGe, DOC extracted from a compost 
product. 

differences (P = 0.55-0.84) were found between the initial 
and final DOC concentrations in the DOC amended treat
ments (data not shown), suggesting that DOC was not sorbed 
to the sediment under the conditions used. 

Sorption isotherms were well described by the linear 
relationship (Table 2) (r;:: 0.90), suggesting that sorption of 
pyrethroids to the sediment did not reach saturation within 
the used concentration ranges. The linear relationship 
allowed the calculation of Kd using eq 1. Pyrethroids were 
strongly sorbed to the sediment when water was the aqueous 
phase, and the average Kd values were 3.64-8.37 x 103 L 
kg-1. However, addition of DOC at 38 mg L - 1 to the system 
consistently decreased Kd for the same compound. For BF, 
the Kd values were 2.2-39.9 fold smaller in the DOC-amended 
systems than in the sediment-water system. The decreases 
were 2.1-27.6 and 1.8-18.7 fold for cis and trans-PM, 
respectively, and 1. 7-13.48 fold for CF. Statistically significant 
differences were observed (P < 0.05) among the different 
DOC sources, with Kd increasing in the order of water> DOCs 
> DOCp > DOCc for all the test pyrethroids (Table 2). As the 
DOC level was kept the same for the different DOC treatments, 
the observed differences suggested that different charac
teristics of the DOC sources contributed to their different 
magnitudes of effect on the sorption of pyrethroids on the 
sediment. 

The concentrations sorbed on the sediment phase ( Csl 
were similar with and without DOC addition (data not shown) 
because the fraction of pyrethroids in the solution phase 
was very small ( <1 %) in relation to that sorbed on the 
sediment. However, DOC addition consistently increased the 
total aqueous-phase concentration Cw. and the increase was 
most pronounced for DOCc and least significant for DOCs 
(Table 3). For instance, compared to the sediment-water 
system, Cw in the sediment-DOCs mixture increased by 2.5-
fold, while in the sediment-DOCc mixture, Cw increased by 
33-fold (Table 3). Similar increases in Cw were also observed 
for the other compounds. Therefore, the effect of DOC on 
the decrease of sediment Kd values was clearly a result of Cw 
increases. The capacity for enhancing Cw depended on the 
DOC sources, with DOC from the compost (DOCc) displaying 
the greatest effect while that from the soil (DOCs) exhibiting 
the smallest influence. 

The sediment Kd was further measured after varying the 
level of DOCc added to the binary system (Figure 1). The 
observed Kd consistently decreased as the level of DOCc 
increased. For instance, compared to the sediment-water 
treatment, Kd for BF decreased by a factor of 1.6 when 5 mg 
L - 1 DOCc was amended; the decreases were 7.5, 22, and 
60-fold for the DOCc levels of 15, 38, and 55 mg L - 1, 

TABLE 3. Concentrations (pg L - 1) of Bifenthrin and Cyfluthrin 
in the Aqueous Phase at Equilibrium (Cw) (Mean ± Standard 
Deviation, n = 3) 

spiked cone. 
(pg/g) water DOCs" DOCp DOCc 

bifenthrin 
1.0 0.11 ± 0.01 0.43 ± 0.02 2.82 ± 0.27 3.98 ± 0.29 
2.0 0.24± 0.01 0.49 ± 0.02 5.49 ± 0.73 7.79 ± 0.48 
3.0 0.34± 0.02 0.69 ± 0.06 7.63 ± 0.59 10.9 ± 1.07 
4.0 0.46 ± 0.02 1.11 ± 0.02 8.82 ± 0.16 14.6 ± 0.86 
5.0 0.58 ± 0.01 1.25 ± 0.04 10.8± 0.11 20.5 ± 1.66 

cyfluthrin 
1.0 0.27 ± 0.03 0.58 ± 0.15 1.75± 0.11 3.58 ± 0.17 
2.0 0.56 ± 0.11 0.95 ± 0.05 3.76 ± 0.37 6.52 ± 0.28 
3.0 0.88 ± 0.02 1.31 ± 0.06 4.82 ± 0.34 8.54± 0.94 
4.0 1.13 ± 0.09 1.96 ± 0.19 6.23 ± 0.11 11.9 ± 0.13 
5.0 1.21 ±0.11 2.28 ± 0.05 7.62 ± 0.14 15.8± 1.12 

8 DOCs, DOC extracted from soil; DOCp, DOC extracted 
from a potting mix; DOGe, DOC extracted from a compost 
product. 

respectively. Similar incremental influences were also ob
served for the other pyrethroid compounds. Fit of Kd values 
to the DOCc levels showed a negative exponential relation
ship, with r ;:: 0.97. These results indicated that the effect 
of DOC on pyrethroid sorption to the sediment phase 
depended on the aqueous-phase DOC level, and that 
appreciable suppression may occur at relatively low DOC 
levels. 

The measurement of Kd was repeated after pyrethroids 
and DOC from different sources were pre-equilibrated before 
their contact with the sediment (Table 2). Similar Kd values 
were obtained with and without the prior interaction for 
cis-PM, trans-PM, and CF in the sediment-DOCs system, but 
sorption of BF consistently decreased further after the 
preinteraction (P < 0.05). For DOCp and DOCc, Kd values 
were significantly smaller than the parallel treatments without 
prior interaction. Prior interaction with DOCc resulted in 
greater decreases (1.5-2.1 fold) in Kd than the other DOC 
sources. These results suggested that prior interactions 
between pyrethroids and DOC may further magnify the effect 
of DOC on decreasing pyrethroid sorption to sediment. This 
observation also implied that some of the formed DOC
pyrethroid complexes were relatively stable in the aqueous 
phase and were not sorbed by the sediment phase. Therefore, 
these complexes may have a potential for long-distance 
transport in runoff and surface streams. 

Sorption to DOC. In a subsequent experiment, a recently 
developed SPME method was employed to directly measure 
sorption of pyrethroids to DOC in the aqueous phase. The 
SPME method was previously shown to detect Cw-!ree in the 
presence of DOC ( 9, 10). The concentrations sorbed on DOC 
(Coocl. as calculated from eq 2, and Cw-free were linearly 
correlated (r = 0.89-0.98) for the pesticide concentration 
ranges considered. The estimated Kooc values for pyrethroids 
were 4.8 x 104 to 3.95 x 105 L kg1

- (Table 4). These values 
were similar to those previously reported for these and other 
pyrethroids in different soil and sediment suspensions (19, 
21, 22). In the DOCs solution, it was estimated that 64.6-72.4% 
of the pyrethroids were sorbed to DOC. The DOC-sorbed 
fractions were 75.5-90.1% for DOCp, and 89.4-93.8% for 
DOCc. 

An attempt to plot log Kooc versus log Kd values for all the 
pyrethroids and DOC sources resulted in a significant linear 
relationship (r = 0.81, P< 0.01) (Figure 2). The overall negative 
relationship implies that as Kooc increases, increasingly more 
pyrethroids would be associated with the DOC phase and 
consequently less with the sediment phase. The effect of 
DOC on Kd thus depends on the sources or properties of 
DOC. Given that pyrethroids in general show similar sorption 
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FIGURE 1. Measured sediment Kd values of pyrethroids after additional of a dissolved organic carbon (DOC) source derived from a 
compost at different levels. 

TABLE 4. Dissolved Organic Carbon-Water Partition Coefficient 
(Kooc. L kg-1

) Values of Bifenthrin, cis-Permethrin, trans· 
Permethrin, and Cyfluthrin for DOC from Soil (DOC5), Potting 
Mix (DOCp) and Compost (DOCc) (Mean ± Standard Deviation) 

chemical DOCs (x11J4) DOCp (x104) DOCc (x11J4) 

bifenthrin 4.8 ± 0.2 8.1 ± 0.5 25.0 ± 0.7 
cis-permeth ri n 6.9 ± 0.1 23.9 ± 1.6 39.5 ± 1.2 
trans-permethrin 6.8 ± 0.4 18.8 ± 1.3 31.7 ± 0 .. 9 
cyfluthrin 5.6 ± 0.3 8.5 ± 0.4 23.5 ± 1.1 

affinities to DOC and sediments (16, 17, 19, 21), comparable 
effects from the presence of DOC may be expected for other 
pyrethroids and DOC sources. 

Increase of Desorption by DOC. The effect of DOC on 
desorption of pyrethroids from the sediment was determined 
using a similar approach (Figure 3). Desorption of pyrethroids 
by water was rather limited, with only 1.3-4% ofthe initially 
sorbed pyrethroids having desorbed after four consecutive 

desorption cycles. The limited desorption by water was 
consistent with findings in previous studies ( 7, 8). However, 
equilibration with DOC solutions consistently increased 
pyrethroid desorption, and the increases ranged from 1.2 to 
41 fold, as compared to the sediment-water system (Figure 
3). After four desorption cycles, the des orbed fraction followed 
the order DOCc > DOCp >DOCs> water. In particular, mixing 
with DOCc resulted in desorption of 45.5-55.5% of pyre
throids that were initially sorbed on the sediment (Figure 3). 
Since DOC concentrations were the same for the different 
DOC sources, the differences may be attributed to the 
different physicochemical properties of these DOC sources. 

DOC Properties Affecting Pyrethroid Sorption. The 
aromaticity of DOC increased in the order DOCs > DOCc > 
DOCp as indicated by the SUVAz54 (UV absorbance at 254 nm 
divided by DOC concentration) and the humification index 
(HIX) (Table 1). A high H/ C ratio would indicate a high content 
of aliphatic functional groups, while the 0/C ratio is related 
to the oxidation degree of DOC sources. The 0/C ratio 
increases as the content of acids increases. In this work, the 
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FIGURE 2. Dependence of measured sediment Kd of pyrethroids on Kooc after equilibration of a lake sediment with different 
dissolved organic carbon (DOC) solutions containing DOC at 38 ± 2 mg L -I. 
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0 I C ratio increased in the order DOCs> DOCp > DOCc, which 
coincided with the trend of carboxylic acid and phenolic 
acid contents (Table 1). 

Potential relationships between DOC properties and Kooc 
values were considered. No significant correlation (P > 0.1) 
was found between Kooc and SUV Azs4 or HIX for any of the 
compounds considered, indicating that aromaticity was not 
the main DOC property influencing pyrethroid sorption. This 
finding was contrary to other studies considering other HOCs 
(11-14, 28). However, correlation coefficients between 
carboxylic and phenolic acid contents (Table 1) ofthe DOC 
solutions and Kooc values were between 0.81 and 0.99, 
indicating a moderate to relatively strong relationship. 
Carboxylic and phenolic groups may form complexes with 
inorganic ionic species (29) facilitating intra- and intermo
lecular interactions and leading to the formation of more 
organized molecular aggregates.Aggregation expels a portion 
of the hydration water that surrounds the molecule, leaving 
it less hydrated. Thus, upon interactions with cations, humic 
molecules may change from a hydrophilic to a hydrophobic 
colloid ( 30), increasing their binding potential for HOCs such 
as pyrethroids (14, 31, 32). Although 0.01 M CaC}z was used 
to normalize the ionic strength in all treatments, as shown 
in Table 1, DOCc generally contained higher levels of other 
cations and higher carboxylic and phenolic acid content, 
which may have contributed to its relatively stronger effect 
on pyrethroid sorption. The enhanced desorption observed 
with DOCc and DOCp may be also partly attributed to the 
dispersion effect of monovalent cations (Na+ and K+) that 
could lead to disaggregation of sediment aggregates and 
increased dispersion of colloids into the aqueous phase (28). 
Measurement oftotal solids after one desorption step during 
the desorption experiment suggested that DOCc and DOCp 
caused a significant increase in the level oftotal solids in the 
aqueous phase after centrifugation. For instance, mixing with 
DOCc and DOCp resulted in21.1 ± 1.2 and 17.7 ± 2.0 mgL - 1 

total solids in the supernatant, as compared to only 4.8 ± 0.6 
mg L - 1 in the DOCs treatment. 

Implications for Contaminant Transport. The role of 
DOC in decreasing sorption and enhancing desorption of 
pyrethroids to sediment has several implications for the 

transport of pyrethroids. First, surface erosion and runoff is 
the principal process governing the off-site movement of 
pyrethroids, where Kd is one of the most important param
eters imbedded in transport models for describing such 
transport ($3, 34). Therefore, knowing the effective Kd by 
considering the effect of DOC may improve the prediction 
of contaminant transport to downstream water bodies. DOC 
is ubiquitous in surface water, and may increase in runoff 
after a storm event (23, 24). The level of DOC may further 
increase in runoff originating from areas rich in plant residues 
or receiving applications of organic materials such as 
compost, mulches, animal wastes, and biosolids (26, 27). 
The inhibition of DOC on sorption and the opposite effect 
on desorption suggests that considerably more pyrethroids 
than predicted through literature Kd (or KQcl may be 
partitioned into the aqueous phase and subjected to mass 
transport over distance. Results from this study serve as 
experimental evidence providing explanation of the reasons 
for the widespread occurrence ofHOCs such as pyrethroids 
in the surface water systems (1, 2, 5). The knowledge that 
interactions lead to the formation of stable DOC-pyrethroids 
complexes is also important for mitigation management. For 
instance, practices aiming at preventing erosion of organic 
materials from soil surfaces should be generally effective at 
reducing offsite runoff of pyrethroids. 
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A combination of laboratory scale derived correlations and measurements of grain size distribution, DOC 
(dissolved organic carbon) concentration, and density of suspended bacteria promises to be useful in esti
mating Hg(II) sorption in heterogeneous streambeds and groundwater environments. This was found by 
shaking intact sediment and fractions thereof ( <63-2000 11m) with solutions of HgCh (1.0-10.0 ng ml-1 ). 
The intact sediment was also shaken with the Hg(II) solutions separately in presence of DOC (6.5-
90.2!lgml-1) or brought in contact with suspensions of a strain of groundwater bacteria (2 x 104

-

2 x 106 cellsml-1). Hg(II) sorption was rather weak and positively correlated with the grain size, and 
the sorption coefficient (Kd) varied between about 300 and 600 ml g-1. By using the relative surface areas 
of the fractions, Kd for the intact sediment was back calculated with 2% deviation. Kd was negatively cor
related with the concentration of DOC and positively correlated with the number of bacteria. A multiple 
regression showed that Kd was significantly more influenced by the number of bacteria than by the grain 
size. The findings imply that common DOC concentrations in groundwater and streambeds, 5-
20 !lg ml-1, will halve the Kd obtained from standard sorption assays of Hg(II), and that Kd will almost 
double when the cell numbers are doubled at densities that are common in aquifers. The findings suggest 
that simultaneous measurements of surface areas of sediment particles, DOC concentrations, and bacte
rial numbers are useful to predict spatial variation of Hg(II) sorption in aquifers and sandy sediments. 

1. Introduction 

Concern about the distribution and fate of mercury (Hg) and the 
likelihood that it reaches health risk levels in food and drinking 
water has directed research towards understanding Hg transport 
in soil and water (DeMarco et al., 2006; Kongchum et al., 2006). 
Models can describe Hg transport by advective-dispersive equa
tions modified to account for retention processes, such as sorption 
(Yin et al., 1997a; Sarkar eta!., 1999; Carrol et al., 2000; Kim and 
Corapcloglu, 2002) and sedimentation (Carrol et al., 2000; DiLeo
nardo et al., 2006). One of the major challenges for this approach 
is the spatial variability in hydraulic, geologic, and geochemical 
parameters. Of particular importance is the heterogeneity of the 
sorption capacity of the geological material, which may vary by 
an order of magnitude at the centimetre scale for nonionic organic 
compounds in sediments (Elabd et al., 1986). 

Characteristics of soil and sediment particles, such as mineral 
composition, clay and organic matter content, and metal coatings 
(SchlUter, 1997), influence sorption of Hg. Minerals, such as quartz 
and feldspar, which are predominantly found in medium to coarse 
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particle sizes (Barber et al., 1992), have a permanent negative 
charge and may retain cationic Hg by electrostatic forces. Likewise, 
temporary and patchy cover of mineral surfaces by anions, such as 
hydroxyl and sulphate ions, clay minerals, oxyhydroxides of AI, Fe, 
and Mn (Coston et al., 1995; Brown et al., 1999), and soil organic 
carbon (SOC) (Wen et al., 1998; Brown et al., 1999), retains Hg 
by electrostatic forces and complexation (Yin et al., 1996). Further
more, the size of the solid particle may affect sorption and concen
tration of Hg (Fukue et al., 2006), since smaller sized particles are 
mainly composed of weathering-resistant, net positively charged 
minerals of Fe and AI (Coston et al., 1995). 

The sorption of mercury to natural soils and mineral surfaces is 
affected by particulate (POC) and dissolved organic carbon (DOC) 
due to their strong adsorption affinity for Hg (Yin et al., 1996; Rav
ichandran, 2004; jing et al., 2007). DOC sorbs to mineral surfaces of 
AI and Fe oxides-hydroxides by either electrostatic attraction or 
ligand exchange between carboxyl and hydroxyl groups of DOC 
and OH and OH2 groups of the surface minerals (Kaiser and Zech, 
1998), and when SOC dissolves, mainly at higher pH, it forms 
DOC-Hg complexes (Yin et al., 1996; SchlUter, 1997). 

Likewise, the presence of bacteria suspended in the aqueous 
phase or sorbed to the solid can influence the sorption of Hg. 
Most bacteria have an overall anionic cell surface at common 
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environmental pH's as a result of the pKa's of carboxyl (4-6) and 
phosphoryl ( ~ 7) groups of peptidoglycans, lipopolysaccharides, 
and phospholipids in the cell wall (Schiewer and Volesky, 2000). 
These ligands form complexes with metals (Daughney et al., 2002). 
The high sorption capacity is one of the characteristics that make 
bacteria a valuable sorbent for removal of metals from wastewater 
and polluted areas (Chen and Wilson, 1997; Schiewer and Volesky, 
2000), e.g. where mercury is released from gold extraction. 

One of the challenges in the development of methodologies to 
account for spatially variable flow and sorption parameters is to 
identify correlations between flow and sorption parameters and 
between sorption coefficients and geologic and geochemical 
parameters. With the latter, laboratory scale derived correlations 
at hand, laborious preparations of sorption isotherms may be re
placed by indirect methods allowing for more rapid screening of 
field samples. With this in mind, a study was designed to establish 
quantitative relationships between sorption of Hg(II) to a saturated 
sediment and the size distribution of the sediment particles, DOC 
concentration, and cell density of bacteria. 

We hypothesized that sorption of Hg(II) to the solid phase 
would be (i) negatively related to the particle size since cation ex
change was assumed to be an important sorption mechanism, with 
smaller particles sizes having greater capacity than larger parti
cles; (ii) negatively related to DOC concentrations since Hg(II) 
was assumed to have high affinity for DOC; (iii) negatively related 
to the density of suspended bacteria as a result of Hg(II) complex
ation at net negatively charged cell surfaces of suspended bacteria. 

2. Materials and methods 

2.1. Sediment 

The sediment was collected from a depth of 15 em at the bottom 
of a temporarily drained water infiltration pond at the lake Vom
bsjon infiltration area near Lund, south of Sweden. It was a sandy 
sediment mostly composed of quartz. Kaolinite, amphibole, and 
feldspar were also found in the sediment (Bengtsson and Ekere, 
2001 ). The sediment was air-dried at room temperature (22 oc). 
Portions of the sediment were mechanically sieved in a JEL electric 
shaker into six size fractions, ranging from <63-2000 f!m. The ambi
ent total mercury concentration (CA) in each fraction was deter
mined by inductively coupled plasma mass spectrometry (ICP-MS; 
Perkin-Elmer, ELAN-6000). The detection limit of the ICP-MS was 
0.03 ng total Hg ml-1

• It was calibrated against a single 202Hg stan
dard (1 ng ml-1 

). Rhodium, which is rarely found in water samples, 
was used as internal standard in the samples and the standard 
solution. 

The cation exchange capacity (CEC) was determined in two 
grams of each size fraction. The fractions were shaken for 2 h with 
10 ml of0.1 M BaCI2 in 15 ml Kimax test tubes, using an end-over
end shaker. The aqueous phase was filtered onto a 0.22 f!m nitrocel
lulose Millipore filter and the filtrate used to determine the concen
tration of cations (Na+, K+, Ca2+, Mg2+, Mn2+, Fe3+,Al3+) by inductively 
coupled plasma atomic emission spectrometry (ICP-AES; Perkin-El
mer, Optima 3000 DV). The pH of the filtrate was determined by an 
Orion SA-720 pH-meter. The ICP-AES was calibrated using a mixture 
of multi-component standards at three concentrations within a fac
tor of 50. The calibration was controlled with independent stan
dards. CEC was calculated as the sum of the concentrations of 
each cation (cmol kg- 1) and the hydrogen ion concentration. 

The total carbon (TC) concentration of each size fraction was 
determined by weighing 0.01 g of hand-milled sediment in tin 
cups. The samples were analysed by continuous-flow isotope ratio 
mass spectrometry (CF-IRMS) using an ANCA 20-20 mass spec
trometer with a solid/liquid preparation module (PDZ Europa). 

The standard curve was obtained by analysis of sucrose solutions 
prepared at concentrations ranging from 2.0 to 40.0 mg ml-1• 

The specific surface area (SSA) of the fractions was previously 
calculated for the same sediment sample (Bengtsson and Ekere, 
2001 ). The sediment was reconstructed by mixing the fractions 
in the original weight proportions. 

2.2. Sorption of Hg to sediment 

Solutions of Hg(II) were prepared from HgCI2 in groundwater 
(pH 7.2) at four different concentrations between 1.0 and 
10.0 ng mi-t, to represent contaminated aquifers and streambed 
environments. Groundwater was taken from a well at the lake 
Vombsjon infiltration area and filtered onto a 0.45 f!m nitrocellu
lose Millipore filter. One gram of a size fraction, intact sediment, 
or reconstructed sediment was mixed with 5 ml of the Hg solution 
in 10 ml Kimax test tubes. This solid/solvent ratio ensured that 
detectable quantities of Hg were recovered in the solvent phase 
after equilibration of 1.0 and 10.0 ng ml- 1 (EPA, 2004). The test 
tubes were left on an end-over-end shaker for a period of 24 h, 
with five replicates for each treatment (adsorption kinetics of mer
cury on pure minerals and sediment and soil particles shows that a 
period of 24 his sufficient to obtain equilibrium (Yin et al., 1997a; 
Sarkar et al., 1999; Miretzky et al., 2005). They were then centri
fuged in a Labofuge 200 (Heraeus Instruments) at 971g for 
30 min. The supernatant was transferred to a 5 ml polypropylene 
vial, preserved in 0.1% HN03 and stored in a refrigerator at 5 oe, 
Hg was quantified by ICP-MS as described above. 

The concentration of adsorbed Hg ( C5, ng g-1) was calculated by 
subtracting the concentration ofHg remaining in the aqueous phase 
after equilibration (Cw. ng ml-1

) and the ambient Hg concentration 
of the sediment samples (CA. ng g-1) from the concentration initially 
added to the test tube (C0 , ng ml-1 ): C5 =(Co- Cw) x (V/W)- CA, 
where V(mL) is the solution volume and Wis the weight of air-dried 
sediment (g). The equilibrium sorption coefficient Kct (mL g-1) was 
calculated as Cs/Cw. 

The Kct in the intact and reconstructed sediment was back calcu
lated from the Kct'S in the fractions to estimate the contribution of 
the particle sizes to the Hg(II) sorption in intact sediment. We as
sumed that each particle size fraction contributed to sediment sorp
tion in proportion to its specific surface area (SSA): Kct = L:7Kct1 x 
FssA,. in which Kctt is the Kct for the ith particle size range in ml g- 1 

and fssAi is the relative specific surface area fraction of the ith parti
cle size range of the intact sediment (dimensionless). 

2.3. Sorption of Hg in presence of DOC 

DOC was obtained by shaking 500 g of carbon rich soil (Hasself
ors garden soil; a mixture of 60 vol.% low humified peat, 30 vol.% 
highly humified peat, 5 vol.% composted bark and 5 vol.% sand) 
with 1500 ml of groundwater on a horizontal Labassco KS-500 
shaker at 50 rpm f~r 100 h. The slurry was centrifuged for 
30 min at 4629g in 300 ml aliquots in 500 ml Nalgene screw 
capped plastic tubes in a Sorvall RC 58 centrifuge at 10 oe, The 
supernatant was filtered onto GF/A glass fibre filters and then onto 
0.45 Jlm nitrocellulose filters. The filtrate was concentrated at low 
dry rate by vacuum centrifugation in a Savant SCIIOA speed vac
uum system at 22 oc for 4 h to approximately 400 Jlg ml-1 of 
DOC. The DOC concentration was measured in a Shimadzu TOC-
500 analyzer. 

Six DOC solutions (pH 6.8-7.2) were prepared in the range 6.5-
90.2 Jlg ml-1 from the DOC concentrate, with groundwater as sol
vent. The lowest DOC concentration (6.5 J.l.gml-1) was that found 
in the groundwater. Five replicates of four concentrations (1.0-
1 0.0 ng ml-1

) of HgClz were prepared in each of the DOC solutions 
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in 50 ml Pyrex volumetric flasks. The DOC-Hg(II) solutions were 
shaken slowly at 60 rpm on a horizontal Labassco KS-500 shaker 
for 24 h. From each DOC-Hg(II) solution, 5.0 ml were added to 
10 ml test tubes, each with one gram of intact sediment. The test 
tubes were shaken and centrifuged as described in the procedure 
for sorption of Hg(II) on size fractions, and Hg remaining in the 
aqueous phase was analysed by ICP-MS. 

2.4. Sorption of DOC to sediment 

Five millilitres of the DOC solutions prepared for sorption of 
Hg(II) in presence of DOC were mixed with one gram of intact sedi
ment in 10 ml test tubes, with five replicates for each concentration. 
The test tubes were shaken and centrifuged as in the procedure for 
sorption of Hg(II) on size fractions. The DOC in the aqueous phase 
was measured in the Shimadzu TOC-500 analyzer. The concentra
tion of adsorbed organic carbon ( Cs-oc. J..lg g-1

) was calculated from 
the difference between the concentration initially added to the test 
tube (Co-oc. J..lg ml-1) and that remaining in the aqueous phase after 
equilibration (Cw-oc. J..lg ml- 1

): Cs-oc = (Co-oc- Cw-oc) x (V/W), 
where V(mL) is the solution volume and Wis the weight of air-dried 
sediment (g). 

2.5. Sorption of Hg in presence of bacteria 

An indigenous groundwater bacterium, Stenotrophomonas 
maltophilia (CCUG 49037), previously isolated from a depth of 7-
8 m in the aquifer at the lake Vombsjon infiltration area, was cul
tured for 2 days at room temperature (22 °C) in 20 ml of 20% pep
tone-yeast-glucose medium (PYG) by gently shaking on a Labassco 
KS-500 shaker. The number of cells was determined by counting in 
a Biirker chamber using a phase contrast microscope (Axioskop 20, 
Zeiss). 

Six dilutions of cultured bacteria, which were washed twice and 
then resuspended in groundwater, were prepared in the range 2.0 x 
104-2.0 x 106 cells ml-1

• Four concentrations (1.0-10.0 ng ml-1
) of 

HgC12 were prepared for each of the bacteria suspensions in 50 ml 
Pyrex volumetric flasks (pH 7.0-7.4). The bacteria-Hg(II) suspen
sions were shaken slowly at 50 rpm on a horizontal Labassco I<S-
500 shaker for 24 h. From each bacteria-Hg(II) suspension, 5.0 ml 
were added to 10 ml I<imax test tubes, each with one gram of intact 
sediment. The test tubes were shaken as in the procedure for sorp
tionofHg(II) on size fractions and then centrifuged at 1157gat 10 oc 
for 30 min in the Sorvall RC 58 centrifuge. Hg remaining in the aque
ous phase was analysed by ICP-MS. 

To separate Hg sorbed to cells from dissolved Hg(II) in the 
supernatant, the aqueous phase was centrifuged at 5432g at 
10 oc for 15 min in the Sorvall RC 58 centrifuge. The pellet of bac-

Table 1 

teria was resuspended in 5 ml of groundwater, preserved in 1.0% 
HCI and analysed for Hg by ICP-MS. All reagents and glassware 
were sterilized by autoclaving. 

Replicated blank samples of 5 ml filtered groundwater and one 
gram of intact sediment were also equilibrated for 24 h to test for 
the potential influence of e.g., soil drying on sorption and mobiliza
tion of nutrients, metals, and dissolved organic compounds (Rech
cigl et al., 1992; Baskaran et al., 1994; Klitzke and Lang, 2007). 
Mercury was not detected in the aqueous phase, and the DOC con
centration (5.1 ± 0.4 J..lg ml-1

) was lower than the ambient DOC 
concentration initially measured in the groundwater (6.5 J..lg ml- 1 

). 

Two test tubes with 5 ml of 0.2 ng ml-1 of HgCh were also shaken 
and centrifuged. The Hg concentration did not change, suggesting 
that no mass losses occurred during the sorption assays. 

2.6. Statistical calculations 

Means, standard deviations, and the 95% confidence intervals 
were calculated for each data set of five replicates. Data within 
the confidence intervals were used to calculate the linear sorption 
coefficients. 

Multiple linear regression (MLR) (Statistica 6.1) was carried out 
to evaluate the contribution of particle size and number of bacteria 
to mercury sorption to the sediment. 

3. Results 

The sorption isotherms for Hg( II) were linear in the concentration 
range examined, with r values above 0. 7 (Table 1 ). The calculated 
sorption coefficients varied between about 300 and 600 ml g- 1 for 
the size fractions (Table 1 ). The strength of the linearity of the 
sorption isotherms was weakened by little sorption of the low
est mercury concentration added, 1.0 ng ml-1. The sorption 
coefficients were positively correlated with the particle size, with 
a shallow slope of a linear relationship (Kct = 419.5(±70.6) + 
0.0896(±0.081) X particle size; r = 0.62). The 95% confidence inter
val for the correlation was wide, and particle sizes in the interval of, 
e.g. 212-500 J..lm could be assigned a sorption coefficient between 
380 and 520 ml g-1 with the same probability. The uncertainty 
was mainly attributed to the relatively small sorption coefficient 
with the second smallest particle size. The sorption coefficient for 
Hg(II) with the intact sediment was 409 (Table 1 ), exceeding the 
Kct. with the sediment reconstructed from the fractions by 0.7%. 

The sorption coefficients were negatively and weakly correlated 
with the ambient Hg concentration (Kct = 532 - 4.9 X C; r = 0.44), 
CEC (Kct = 520 - 20.6 x CEC; r = 0.35) and the TC content (Kct = 
519- 16.7 X TC; r = 0.43). The last two were positively correlated 
with the ambient Hg concentration (CEC = 0.8 + 4.7 X CA; r = 0.97, 

Sediment particle size characteristics and linear sorption coefficients (Kd) for observed Hg sorption to sediment and sediment fractions 

Particle size Relative weight CEC Total carbon Net charge• Kd r-· SSA Relative SSA Ambient total Hg concentration 
(~tm) of fraction (Cmolkg-1) (mgg-1) (x10-7 Mequiv. cm-2) (mlg-1) (m2g-1) of fraction (ng g-1 setliment) 

0-63 0,01 6.8 8.4 6.2 453 0.91 21.1 0.35 31.5 
63-106 0.01 5.0 6.8 5.1 333 0.77 19.1 0.32 27.1 
106-212 0,01 3.3 3.9 5.8 4l3 0.98 11.0 0.18 14.7 
212-500 0.13 1.7 1.8 9.6 457 0.90 3.5 0.06 8.9 
500-1000 0.47 1.4 1.5 8.3 500 0.92 3.3 0.05 8:8 
1000-2000 0.37 1.3 1.1 9.7 564 0.83 2.5b 0.04 5.6 
Intact 1.5 409 0.86 s:o 

sediment 
Reconstructed 406 0.86 

sediment 

• Calculated from SSA and CEC data according to Uehara and Gillman (1980). 
b Data for SSA were only available for the 1000-1500 11m range but assumed to be representative for the 1000-2000 11m range. 

• p-Values < 0.005. 
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TC = 2.4 + 3.5 X CA; r = 0.99, respectively) but negatively related to 
the particle size (Table 1 ), with most of the negative effect attributed 
to smaller particles than 200 j.lm. The size fractions were separated 
into two groups by the net charge of the particles. One had lower 
charges ( <212 j.lm) and the other larger (>212 j.lm). 

The CEC and ambient Hg concentration of the intact sediment 
was accurately calculated from the values of the individual frac
tions multiplied with their relative weights ( 1.5 and 8.1, respec
tively; cf. observed values in Table 1 ). The Kd back calculated 
from Kd of the fractions and their relative weights was erroneous 
(515), suggesting that the particle size distribution would not be 
an appropriate predictor of the spatial variability of Hg(II) sorption 
in the field. The back calculation of Kd for the reconstructed sedi
ment from the Kd's and relative surface areas of the fractions gave 
Kd =415(453 X 0.35 + 333 X 0.32 + 413 X 0.18 + 457 X 0.06 + 500 X 

0.05 + 564 x 0.04), which was about 2% above both the Kd calcu
lated from sorption to the reconstructed sediment or the Kd for 
the intact sediment (Table 1 ). 

Linear sorption isotherms were obtained for Hg(II) with the in
tact sediment in presence of varying concentrations of DOC. The 
presence of DOC reduced Hg(II) sorption to the intact sediment 
by 31-90% (cf. Tables 1 and 2). The resulting negative correlation 
between DOC concentration and Kd was linear with a fairly steep 
slope (Kd = 253(±75.1)- 2.5(±1.4) X DOC; r = 0.86). DOC had a 
low affinity for the mineral sediment, with a sorption coefficient 
of about 3 ml g-1 

( Cs-oc = -19.2 + 3.3 X Cw-oc: r = 0.94, where 
Cs-oc is the concentration of organic carbon adsorbed to the sedi
ment and Cw-oc is the concentration of dissolved organic carbon 
in the aqueous phase). It is interesting to notice that Kd of the intact 
sediment (Table 1) was obtained with the same solvent composi
tion as the 31% lower Kd of the assay with the lowest DOC concen
tration (Table 2). The reduction most likely came from the step of 
bringing Hg(II) in contact with DOC in the groundwater for 24 h 
before the sorbate was combined with the sediment. 

In contrast to sorption ofHg(II) to DOC, the number of suspended 
cells and the sorption coefficient for Hg(II) were positively corre
lated (Kd = 401(±112) + 0.00014(±0.0001) X bacterial number; r = 
0. 79), and the Hg(II) sorption was greater in presence of the bacteria 
than in their absence (cf. Tables 1 and 2). The amount of Hg(II) 
sorbed to the suspended bacteria varied from less than the ICP-MS 
detection limit (0.03 ng) for the lowest density of cells to 0.21 ng 
for the highest. 

Multiple linear regression showed that Hg(II) sorption could be 
predicted from data on the particle size distribution and the num
bers of bacteria per ml (F2,3 = 20.3, r = 0.93, p = 0.018), which were 
estimated from the Kd value for bacteria corresponding to a particle 
size (Table 1 ). The Hg(II) sorption was significantly affected by the 
cell numbers (p < 0.05) and less by the particle size (p = 0.40) 
(Kd = 369 - 0.41 particle size+ 1.34 number of bacteria ml-1 

). The 
relatively small partial regression coefficient for the particle size 
made its contribution to the predicted sorption coefficient less sig
nificant compared with the number of bacteria. 

Table 2 
Sorption coefficients (Kd) for Hg(II) with the intact sediment in presence of DOC at 
different concentrations and in presence of bacteria cells at different initial densities 
in the aqueous phase 

DOC Kd 
,., No. of bacteria Kd 

,., 
(f!gml-1 ) (mlg-1) (x106 cell ml-1) (mlg-1) 

6.5 283 0.75' 0.02 410 0.91' 
20.0 . 191 0.94' 0.5 525 0.89' 
36.1 131 0.73' 1.0 427 0.95' 
45.1 103 0.98' 1.5 618 0.37" 
72.2 89 0.97' 2.0 717 0.90' 
90.2 41 0.86' 

p-Values < 0.005 . .. 
p-Values < 0.05. 

4. Discussion 

Mineral composition, CEC, electrostatic forces, complexation 
with coated organic matter and other physical/chemical character
istics of particle surfaces take a range of values for each size frac
tion in sediments and natural soils (Yin eta!., 1997b; Wen eta!., 
1998; doValle eta!., 2006; Ramalhosa eta!., 2006), which is one 
of the bases for sorption heterogeneity. Particles in the range of 
clay mostly have unsatisfied surface charge, high CEC, and more 
surface area per unit of weight than most other sediment fractions 
(Table 1 ). The cation exchange is thought to have a major influence 
on sorption of most metals. For instance, the negative correlation 
between the particle size and ambient Hg concentrations (Table 
1; particle size= 35 - 5.4 X CA; r = 0.90) reflects the control of 
Hg(II) sorption by a combination of cation exchange and complex
ation with TC. External surfaces of smaller particles often trap 
more organic carbon than larger particles, and the SOC acts in tan
dem with the cation exchange capacity to enhance their sorption 
capacity for mercury, at least at low pH (Yin eta!., 1997b). 

Yet, Hg(II) sorption was positively and linearly correlated with 
the particle size in the experiment, suggesting that sorption of 
added mercury was dependent on the differences in net negative 
charges between smaller particles and larger (Table 1) and associ
ated with the surfaces either via electrostatic interactions or via 
chemical reactions between mercury and functional groups at 
the particle surface. It is possible that mercury was preferentially 
adsorbed via electrostatic interaction once the cation exchange 
had been satisfied (e.g. by the adsorbed ambient mercury concen
tration), but the phenomenon is difficult to generalize, since the 
development of positive and negative charges depends on pH 
and the mineral characteristics of the particles (Uehara and Gill
man, 1980; McBride, 1994). The formation of Hg(II) complexes 
e.g. with chloride or DOC in the filtered groundwater might also 
be a limiting factor for sorption of Hg(II) via CEC. 

The distribution of organic matter and clay content was probably 
responsible for the negative relationship between the particle size 
and CEC (Table 1 ). The neutral pH in our assays probably facilitated 
the solubilization of surface bound organic matter (Anderson, 
1979), further decreasing the low concentration of organic carbon 
(Table 1) and reducing the affinities of mercury for small particles. 
Moreover, the large variability of Kd with the 0-63 11m particles sug
gests that they had a heterogeneous surface composition, with some 
sub-fraction being more sorptive than others. This would be in 
agreement with suggestions of Altin eta!. (1998) that particles of 
the same size might have different mineral composition and· CEC. 

The large impact of DOC on Kd for mercury in this study (Table 
2) was probably a result of a combination of strong complexation 
of Hg(II) with anionic DOC groups, and competition between 
DOC and free ionic mercury for sorption sites on the sediment par
ticles (Yin et a!., 1996; Schliiter, 1997). At least three orders of 
magnitude more DOC (j.tg g-1

) became sorbed to the particles com
pared with mercury ( 8-60 ng g-1 ), and the sorbed DOC increased 
the organic carbon content of the particles by 0.5-2% depending 
on the added quantity (Table 1 ). This may effectively have blocked 
the charged particle sites and made the particles less attractive for 
Hg(II) sorption compared with the DOC fraction as more DOC was 
added to the aqueous phase. 

The net negatively charged cell surface of many bacteria is an 
efficient trap for metal cations. This was evident in the assays even 
with the lowest density of bacteria, in which Kd increased by 0.2% 
compared with Kd of the intact sediment (cf. Tables 1 and 2). S. 
maltophilia has a net negative charge and preferentially sorbs to 
soil particles by charge interactions (Lindqvist and Bengtsson, 
1995), with a sorption coefficient that is negatively correlated with 
the particle size (Bengtsson and Ekere, 2001). By assuming a cell 
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weight of 10-13 g and a batch sorption coefficient in groundwater 
of 13 ml g-1 (Lindqvist and Bengtsson, 1991), we estimated that 
bacteria would make a marginal contribution to the organic carbon 
content of the sediment particles, even at their highest density 
(less than 3 llg g-1) and rather add to the anionic complexing 
capacity of the particles. If all of the cell weight is assumed to rep
resent organic carbon, the density of suspended cells would be 
equivalent to about 2-200 ng mi- 1 of DOC, that is, at least three or
ders of magnitude less than the DOC used in the DOC experiment. 
The complexing capacity of the suspended bacterial carbon was 
obviously marginal at that concentration, but the highest concen
tration, corresponding to 2 x 106 cells ml-1, increased Kd by 75% 
compared with a cell-free environment. The highest concentration 
of DOC, corresponding tQ 450 times as much organic carbon as the 
bacteria, decreased Kd by 90%. Whether one or the other source of 
organic carbon had most influence onKd is difficult to say, but both 
contributed to similar but opposite Kd changes at concentrations 
that are commonly found for each of the sources at field sites. 

5. Conclusions 

Some general insights were gained from the experiments about 
Hg(II) sorption to sediments. First, the correlation of the sorption 
coefficient with the net charge of the particles suggests that sorption 
mechanisms, such as ion bonding, control sorption ofHg(II) in excess 
of ambient background concentrations, whereas cationic exchange 
and complexation with SOC seem to be the prevailing mechanisms 
at ambient concentrations. Second, the heterogeneity ofthe sorption 
coefficient for Hg(II) cannot be predicted from the particle size distri
bution, but sorption is more dependent on the distribution of the 
specific surface area of particles than of their weight. That is a conse
quence of the dependence of the sorption process in sandy sedi
ments on surface characteristics ofthe particles, such as charge, so 
that smaller particles make a greater contribution to variations of 
the sorption coefficient than expected from their weight. Third, at 
concentrations of DOC commonly found in groundwater, 5-
20 1-1g ml-1

, the anionic and complexing capacity of DOC may halve 
Kd for Hg(II), and at higher concentrations, e.g. in the plume of a solid 
waste site, Kct may be a fourth or less than calculated from standard 
sorption assays. Fourth, bacteria may counteract this effect by sorb
ing Hg(II) and themselves to the sediment particles to the extent that 
the sorption coefficient is almost doubled when the cell numbers are 
doubled at densities that are common in aquifers. The findings sug
gest that simultaneous measurements of surface areas of sediment 
particles, DOC concentrations, and bacterial cell numbers are useful 
to predict spatial variation of Hg(II) sorption in aquifers and sandy 
sediments. Rather than relying upon laborious sorption assays to ad
dress the heterogeneity in Hg(II) retention in mineral dominated 
sediments, a field survey can accomplish more accurate information 
from an examination of the spatial distribution of grain surface 
areas, DOC concentration, and density of pore water bacteria. 
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Biofilms are believed to play a significant role in the fate 
and transport of contaminants in aquatic environments. 
However little is known about the rates of sorption (k) and 
partitioning (Kd) of contaminants to biofilms. Studies of 
the latter were performed using mature biofilm cultivated 
in a rota-torque reactor. The reactor was flushed with 
river water containing a mixture of tetrabutyltin, p,p-DDT, 
diclofop-methyl, triallate, lindane, atrazine, parathion
methyl, and dimethoate in two experiments. The first 
experiment was conducted at a spiked level of 1 ,ug/L, and 
the second was conducted at 10 ,ug/L for each component. 
Apart from dimethoate, there was rapid depletion of all 
contaminants fromthe water phase within the first 5-10 
min with sorption occurring by pseudo-first-order kinetics. 
In general, the mean values of k (10-4 min-1) increased 
with water solubility and were 8, 70, 110, 180, 230, 370, and 
100 for p,p-DDT, diclofop-methyl, triallate, tetrabutyltin, 
lindane, atrazine, and parathion-methyl, respectively. The 
values of log Kd increased linearly with log Kow and 
decreased linearly with the log of the aqueous solubilities. 
In general, Kow values were significantly greater than 
the corresponding values of Kd. indicating that partitioning 
of contaminants was not limited to lipophilic regions of 
the biofilm. 

Introduction 
The behavior, transport, and ultimate fate of contaminants 
in aquatic environments may be affected significantly by 
their sorption and remobilization interaction with biofilms. 
This is due in part to the insulating layer of biofilms that 
must first be reached and crossed before a contaminant 
contacts the substrate supporting the biofilm (1). This 
interaction with contaminants can occur on a large scale 
since biofilms are ubiquitous in the environment. They form 
on all surfaces in rivers, lakes, and wetlands, such as rocks 
and sediments, and account for a wide range of microbial 
organisms on earth (2). 

Biofilms are dynamic systems in which various compo
nents are synthesized, assembled, transformed, degraded, 
and sloughed off into the environment (3). Biofilms can 
therefore remobilize sorbed or transformation products back 
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into aquatic environments. They can be considered as 
microenvironments that are distinct in characteristics from 
the bulk water phase with a local accumulation of cells 
between 109 and 1011 cells/mL biofilm mass (4). In general, 
this biofilm mass is predominantly water (85-95% wet 
weight), exopolysaccharide (EPS, 1-2% wet weight) (5), and 
polypeptide polymers. This EPS matrix is produced by the 
bacteria as part of their adaptation to growth on surfaces or 
at interfaces and, in general, encases the majority ofbiofilm 
bacteria. The functions of this EPS in bacterial growth and 
survival are extensive including attachment, microcolony 
formation, floc formation, protection against heavy metals, 
protection against predation and environmental fluctuations, 
increased resistance against anti-microbial agents, and the 
localization of extracellular enzymes ( 6-11). This extensive 
polymer network has also been shown to be highly reactive, 
for example, selectively binding metals from the environment 
(6, 10, 12). 

In the present study, a mixture of pesticides (p,p-DDT, 
diclofop-methyl, triallate, lindane, atrazine, parathion-meth
yl, and dimethoate) and one organometallic (tetrabutyltin) 
was selected to cover a range of water solubilities (1 x w-a_ 
5 X 104 mg/L) and Kow values (1 X w-!_ 1 X 107), based on 
their occurrence in the Elbe River and suspended particulate 
matter (SPM). The occurrence of the pesticide in SPM was 
also considered because of the similar behavior of this matrix 
to biofilms (13). Less complex systems containing either 
tributyltin or diclofop-methyl as the sole carbon source have 
been previously studied using bioreactors (13- 15) and 
tandem mass spectrometry techniques ( 16, 17), respectively. 

In this first phase of the work, we discuss the results 
obtained for two independent set of experiments and 
highlight the factors that appear to control the sorption rates 
and partitioning coefficients of contaminants in natural 
biofilms. The experimental results are calculated using a 
first-order kinetic model. Development of more refined 
numerical models (24) Is a subject of future research in our 
laboratories. 

Theory 
There have been only a few reports on the theory describing 
competitive sorption and remobilization of organic con
taminants in biofilms. Arcangeli and Arvin (19, 2{}) modeled 
the cometabolic transformation of a-xylene with toluene as 
a primary carbon source in a denitrifying biofilm system. It 
was concluded that only a minor part of the biofilm was 
active, in which there was competition between toluene and 
a-xylene for the same enzyme. It is not known whether these 
findings are generally applicable where the carbon source is 
a complex mixture of dissolved organic matter from natural 
waters. In the present study, the mature biofilm was exposed 
to a mixture in solution of eight contaminants at levels of 
environmental significance in which there was potential 
competition among this mixture and also competition with 
the components of the dissolved organiC matter in the natural 
river water. Quantification of sorption rates and partitioning 
presents many challenges in such complex systems, and 
consequently, the mechanisms controlling sorption in bio
films are poorly understood. 

As a first approximation, the sorption rate constant for 
binding of contaminants to the biofilm is equal to the effective 
rate constant (k) for the sorption of a given contaminant 
from the river water in the bioreactor. The latter is made up 
of primarily k, (the rate constant for adsorption to biofilm) 
- kz (the rate constant for desorption from biofilm). Both 
adsorption and desorption processes occur at the same time 
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with the initial rates of adsorption being greater than the 
rate of desorption. The effective sorption rate will therefore 
be dependent on the physical and chemical properties of 
both the analytes and the nature of the biofilm. The key 
factors affecting the latter include the maturity or age and 
thickness of the biofilm. 

For a flow rate in the bioreactor of Q (Limin) and inlet 
and outlet concentrations Co and C (ug/L), respectively, the 
concentration of chemicals sorbed by the biofilm can be 
considered as (MI V) C" where Mis the dry mass of the bacteria 
(kg), Vis the volume of the reactor (L), and C" is the amount 
of the chemicals sorbed in the biofilm per gram (ug/g). Under 
these conditions, the total mass of chemicals sorbed by the 
biofilm is given by the mass balance equation: 

Differentiating both sides of eq 1 gives 

QC
0 - QC= MdC'Idt+ VdC/dt (2) 

Under equilibrium conditions, the concentration of chemi
cals adsorbed in the biofilm can be expressed by the 
Freundlich equation C" = KctCN, where Kct is the Freundlich 
constant (L!Kg), and Nis a measure of the nonlinearity. The 
Freundlich equation can be used to obtain kinetic data in a 
manner similar to that described by Brusseau et a!. for the 
partitioning of solutes under equilibrium conditions given 
by Henry's law (25). Rates of adsorption and desorption are 
integrated for an infinitely small time interval close to the 
equilibrium condition. 

For Nequal to 1 at low solute concentration, dC"/dt= Kct 
dC/dt, and eq 2 can be written as 

QC0 - QC= KctMdC/dt+ VdC/dt 

dC/dt = Q(C0 - C)I(KctM + V) 

Integrating eq 4 gives 

(3) 

(4) 

C= C0 - A exp[-Qti(KctM + V)] (5) 

Based on the initial experimental conditions, it can be shown 
that the integration constant A is equal to Co - Co VI(MKct + 
V). Rewriting eq 5 gives 

C= Co+ [(C0 V)I(KctM+ V)- Col exp[-Qti(KctM+ V)] 
(6) 

Experimental Section 
Equation 6 is of the form Y = b + (a - b) exp(-kt) where b 
equals Co: a equals Co VI(KctM + V), and k equals QI(KctM + 
V). The values of the constants a, b, and kwere estimated 
using a curve-fitting program, Table Curve 2D Version 2.00 
Oandel Scientific). For the calculation of k and Kct, the 
analytical value of Co determined at 180 min was substituted 
for the constant a, and the constants band k were obtained 
using the best fit of eq 6 to the analytical data. For the 
experiments performed, the values of V, M, and Qwere 0.65 
L, 1.635 x 10-3 kg, and 0.105 L/min. respectively. In view 
that k = Q/ KctM + V, this rate constant is a function of the 
experimental parameters: V, Q, and M. However, since these 
values were held constant, the calculated rate constant k 
provides not only a direct measure of the reactor kinetics but 
also a measure of the difference in the rate constants for 
adsorption and desorption, defined as the effective sorption 
rate constant in this investigation. 

Biofilm Reactor. A modified roto-torque bioreactor 
(Figure 1) was used to develop native Elbe biofilms ( 4). 
Operation was based on a well-mixed liquid phase and even 

River Water 

Rotating 
Inner 

Cylinder 

Electric 
Motor 

FIGURE 1. Schematic of roto-torque bioreactor. 

shear over the reactor walls,· resulting in optimal conditions 
for the formation of homogeneous biofilms. Despite these 
attractive features, the heterogeneity and position differences 
in surface growth can make representative sampling of the 
attached biomass difficult (21). 

The reactor consisted of an outer cylinder with a rotating 
inner cylinder. Recirculating tubes in the inner cylinder 
ensured optimal mixing of the system and minimized nutrient 
gradients. Important parameters, such as flow rate, nutrient 
concentration, shear forces, pH, and types of organisms were 
regulated and adjusted to natural conditions using the 
procedures described by Kuballa and Griesse, (15). At the 
inside of the outer cylinder, 12 slides (area of one slide: 3 
x I0-3 m2) could be withdrawn and stored at 4 oc in screw 
cap 1-L bottles for monitoring the presence of contaminants 
in the biofilm at the start (2 slides) and at the termination 
(2 slides) of the experiments. 

The biofilm reactor was placed at the Geesthachter Wehr 
and flooded continuously via a pump with Elbe River water 
from the nontidal part of the river (flow rate, 105 mL/min; 
rotating rate, 150 rpm). Under these conditions, the native 
biofilm developed with a microbial species diversity similar 
to the suspended matter found in the Elbe River (15). The 
biofilm attained a steady state after approximately 14 days 
based on measurements of the protein and glucoronic acids 
in the biofilm (15). At this stage, the biofilm covered all 
surfaces of the reactor with an average thickness of 5-10 
mm. Continuous flow centrifugation was used to remove 
suspended particulate matter from a grab sample of Elbe 
River surface water, and a 40-L Nalgene container was filled 
with the centrifuged water. After collecting a grab sample 
(1.2 L) to monitor ambient levels of contaminants in the 
water, the 40-L reservoir was spiked at 1 ,ug/L (1.4 mL of 
standard containing 30 ng/ .uL per component dissolved in 
methanol/water). For the second set of experiments, the 
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reservoir was spiked at 10 ,ug/L (1.4 mL of standard containing 
300 ng/ ,uL per component dissolved in methanol/water). After 
the contaminants were added to the river water, the reservoir 
was agitated vigorously for approximately 5-l 0 min to ensure 
even mixing of the spiked standards and preconditioning of 
active sites on the walls of the vessel. To minimize the effects 
of dilution, just prior to initiating the flow of contaminants 
from the reservoir to the bioreactor, the reactor was also 
spiked with the same mixture of contaminants to establish 
the same concentration as that present in the reservoir (using 
a volume of 22 ,uL spiked into the bioreactor (650 mL)). The 
bioreactor was then flushed with the spiked contaminants 
from the reservoir for 5 h. Thus, the concentration of 
contaminants in the influent was held constant (1 or 10 ppb) 
at a fixed flow rate throughout the experiments. The effluent 
was collected continuously in 1200-mL sample bottles and 
stored at 4 oc until analysis. These samples were used for 
all measurements of sorption kinetics to the biofilm by 
monitoring the concentration (ppb levels) of contaminants 
in the effluent as a function of time. Each determination of 
k was based on 15 or more measurements of the effluent 
concentration for each of the eight analytes investigated at 
both 1 and 10 ppb influent concentration. In total, more 
than 210 experimental measurements were made using gas 
chromatography/mass spectrometry (GC/MS) and gas chro
matography atomic adsorption spectrometry (GC/AAS). 

The input concentrations from the 40-L reservoir were 
checked during the course of the experiments (at the start 
and midpoint) to monitor possible changes from sorption/ 
desorption to the walls ofthe vessel. Upon preconditioning 
of the reservoir surfaces by vigorous agitation of the spiked 
river water prior to commencement of the kinetic runs, such 
wall effects were found to be negligible. No further controls 
on reactor sorption/ desorption with and without an active 
biofilm were deemed necessary since the material of the 
bioreactor walls, polycarbonate, has been shown to be inert 
for tributyltin, a compound with much lower water solubility 
(0.5 mg/L) (1 5) than most ofthe contaminants investigated. 
The one exception, p,p-DDT, has a lower solubility (0.001 
mg/L) than tributyltin. 

Sample Extraction. All solvents were trace analytical 
grade (E. Merck, Darmstadt, FRG), NaOH (E. Merck, Darm
stadt, FRG, No. 6498), and HCl (E. Merck, Darmstadt, FRG, 
No. 317). Water samples from the bioreactor were not filtered 
prior to extraction to avoid possible losses of analyte to the 
filter material. Measured concentrations thus reflect the sum 
of analytes in the dissolved phase and small amounts of 
sloughed off biofllm. The amount of the latter in the various 
1-L samples varied from nil to visible amounts (~2-5 mg). 
This source of error in the determination of the partitioning 
coefficients is estimated to be :510% RSD, based on the overall 
precision of the analytical methodology. 

Extractions of diclofop-methyl and the hydrolysis product 
(diclofop acid) were performed using a liquid-liquid extrac
tion procedure (22). The pH of a volume of 500 mL of surface 
water was adjusted to pH 2, and extractions were performed 
serially with 3 x 50 mL dichloromethane. The combined 
extracts were reduced in volume to 1 mL, solvent exchanged 
with diethyl ether, and derivatized using diazomethane. 
Extractions for the determination of tetrabutyltin were based 
on the procedure described by Kuballa et a!. (1 3). In brief, 
a volume of 10 mL of hexane was added to a 100-mL sample, 
and the mixture was shaken for 20 min. The organic phase 
was decanted, and the volume was reduced to 1 mL over a 
gentle Nz flow. Other pesticides were extracted using a solid
phase extraction procedure described in detail by Gandrass 
eta!. (23). 

Instrumental Analyses. Instrumentation used included 
a gas chromatograph HP5890 and mass spectrometer HP5989 
(Hewlett -Packard, Palo Alto, CA), a Fisons AutospecQ tandem 
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mass spectrometer, and a TRIO 1000 GC/MS (Fisons, now 
Micro mass, Manchester, England), equipped with a capillary 
column DB1701 30 m x 0.32 mm i.d. x 0.25 .urn G&W 
Scientific, Folsom, CA). 

GC/MS Analysis. The extracts from the solid-phase 
extraction were analyzed using a gas chromatograph HP 5890 
equipped with an on column injector and a DB1701 column 
interfaced to a HP 5989 mass spectrometer. A 2-,uL volume 
of extract was injected, using helium as the carrier gas at 0.3 
bar and temperature program: 40 oc (held for 2min), followed 
by an increase at a rate of 40 °C/min to 160 oc with a second 
temperature increase by a rate of 5 °C/min to 270 oc (held 
for 10 min). The ion source was operated using electron 
impact Ionization at an electron energy of70 e V in the selected 
ion-monitoring mode. The recoveries of the pesticides from 
both fortified river water and fortified laboratory water 
(1-10 ,ug/L) were 80-90% ±10-15% RSD with a detection 
limit of approximately 25 pg/ ,uL. The corresponding condi
tions for the GC/MS analyses of diclofop-methyl utilized a 
gas chromatograph HP 5890 equipped with a split/splitless 
injector and a DB1701 column interfaced to Fisons TRIO 
1000 mass spectrometer. All other GC/MS conditions were 
the same as those described above. The combined recovery 
of diclofop-methyl and the hydrolysis product diclofop acid 
from fortified water samples (1-10 ,ug/L) was 90% ±10% 
RSD with a detection limit of 25 pg/ ,uL. 

Instrumental analyses of tetrabutyltin were performed 
using GC-AAS with a gas chromatograph Perkin-Elmer 8400 
(splitless 1-2,uL, carrier gas helium 0.3 bar, columnDB1701, 
temperature program 80 oc; /30 °C/min/ /250 oc coupled to 
a AAS), Perkin-Elmer 3030 with transfer line temperature of 
250 oc; atomization temperature of 700 oc; flows: helium 2 
mL/min, auxiliary gases: hydrogen 180 mL/min, air 60 mL/ 
min. The recovery of tetrabutyltin from fortified water 
samples was 89% with a detection limit of 25 pg/,uL tin. 

Biofllm Analysis. Experiments were performed using 
procedures developed for tandem mass spectrometry char
acterization of biofilms (1 7). In brief, preliminary full-scan 
mass spectra of the biofilm were conducted using a Fisons 
AutospecQ mass spectrometer with EBEQ geometry, equipped 
with a 4100-60 VAX data system (Digital Equipment Co.) 
and Opus 2.1b Software. Samples were placed in shallow 
cups of the direct insertion probe for 30 min at room 
temperature (approximately 23 °C), prior to introduction to 
the ion source. This was necessary to reduce the moisture 
content of the samples and to avoid tripping the vacuum 
protection system (set at 5 x to-s Torr) of the mass 
spectrometer. The direct insertion probe was water-cooled, 
and heating was limited to the radiant heat from the ion 
source with no additional heat supplied by the probe heaters. 
The ion source was operated under electron impact condi
tions at 70 eV, 250 °C, and trap current 250 ,uA, and the mass 
spectrometer was operated at 1300 resolution, with a scan 
speed of 1 s/decade and a mass range of 50-600 Da. 

For the MS/MS experiments, the precursor ions were 
selected manually, and the ion beam was reduced to 50% 
transmission using the m/ z 331 ion of perfluorokerosene 
and xenon as the collision gas. Experiments were performed 
for low energy collisions in which the collision cell was held 
at 12 eV (laboratory frame of reference). Product ions were 
detected by scanning the quadrupole in the mass range 30-
350 Da at unit resolution. 

Results and Discussion 
Representative examples of the results observed for the 
sorption of the contaminants in the bioreactor for the two 
sets of experiments are illustrated in Figure 2a-c. A summary 
of the calculated values of k, Kd, and the corresponding results 
obtained for the tandem mass spectrometry confirmations 
of the biofilm are given in Table 1. 



TABLE 1. Pseudo-First-Order Rate Constants k, Partitioning Coefficient Kt,, and Tandem Mass Spectrometry Confirmation of 
Contaminants in Biofilm and Elbe River Water Spiked at 1 and 10 pg/L in a Roto-Torque Bioreactor for an 8-Component Mixture 
of p,p-DDT, Diclofop-methyl, Triallate, Lindane, Atrazine, Parathion-methyl, Dimethoate, and Tetrabutyl-tin' 

sorption rate constant partitioning coeff biofilm exposed to spiked biofilm exposed to 
component in mixture (k x 10-4 min-1) (K.t X 103 UKg) Elbe River water Elbe River water used as control 

p,p-DDT* 8 800 X X 
tetra butyl-tin 180 (60-300) 60 (20-100) NA NA 
diclofop-methyl and diclofop-acid 70 (60-80) 90 (80-100) X X 
triallate 110 (90-130) 55 (40-70) X ND 
lindane 230 (160-300) 30 (20-40) T ND 
atrazine 370 (140-600) 25 (10-40) ? ND 
parathion-methyl* 100 60 ND ND 
dimethoate* * NA NA X X 

• Range of values for the two experiments conducted are given in parentheses; an asterisk (*) denotes contaminant determined in single 
experiment; two asterisks(**) denote interference from high background levels in the original biofilm prior to flushing with spiked Elbe River water. 
X denotes positive confirmation based on ratio of product ions within ±40% of reference standards; a question mark (?) denotes ratio of product 
ions greater than ±40% of reference standards; T denotes unknown transformation product; ND denotes not detected; NA denotes not analyzed. 

Apart from dimethoate (where there was evidence of 
sporadic background releases of the pesticide originally 
sorbed to the biofilm), there was rapid depletion of all 
contaminants from the water phase within the first 5-10 
min with subsequent sorption occurring according to pseudo
first-order kinetics (Figure 2a-c). This sorption was evident 
by the gradual increase in the concentration measured for 
the analytes In the effluent from the bioreactor as illustrated 
in Figure 2a-c. These profiles are similar to those described 
for PAHs and chlorophenols in sewer biofilms (24). For the 
sewer biofilms, the adsorption of P AHs was completed after 
a few minutes, with desorption of 10% of the load requiring 
more than 1 h. The desorption of the chlorophenols was 
much faster than for the PAHs with more than 50% desorption 
occurring after only 15 min (24). 

In the present work, it was essential to precondition the 
walls of the 40-L reservoir prior to commencing the kinetic 
runs and to further check the inlet concentration during the 
experiments. The initial decrease in the measured inlet 
concentrations was significant as compared to actual con
centrations added to the reservoir (Figure 2a-c). Once the 
reservoir was preconditioned, monitoring of the inlet con
centration at the start and subsequently at 180 min indicated 
that these concentrations were constant during the experi
ments. Possible adsorption and remobillzation from the walls 
of the apparatus were not therefore contributing factors to 
the observed sorption rates. 

The first-order kinetics observed for the sorption of the 
contaminants in Elbe River biofilm are similar to the kinetics 
reported for the sorption and transformation of other 
pollutants on biofilm in natural waters (26, 27). For example, 
some biofllms have been shown to adapt to the degradation 
of mixtures of aromatic pollutants at relatively high con
centrations in the <20-100 mg/L concentration range, 
according to first-order kinetics with similar removal rate 
constants for different aromatic compounds (28). Relative 
pseudo-first-order rate coefficients have also been observed 
for microbial transformation in biofilms containing 2,4-
dichlorophenoxyacetic acid methyl ester (2,4-DME), the 
butoxyethyl ester of 2,4-dichlorophenoxyacetic acid (2,4-
DBE), parathion-methyl, and methyl-3-chlorobenozoate (2fl). 
Likewise, apparent first-order rate coefficients have been 
observed for the processes of disinfection and detachment 
of blofilms (30- 32) and the aerobic biological degradation 
of chlorinated aliphatic hydrocarbons using a completely 
mixed laboratory blofilm reactor (33). One exception to this 
trend, however, was the second-order kinetics observed for 
the biotransformation of the herbicides atrazine and alachlor 
under aerobic, nitrate-reducing, sulfate-reducing, and meth
anogenic conditions (34). 

As illustrated in Figure 3, there is a trend for the values 
of log k to increase linearly with the log of the aqueous 
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FIGURE 2. Uptake of pesticides from Elbe River water to biofilm 
in a roto-torque bioreactor, showing experimental data and results 
calculated using first-order kinetics for (a) triallate, (b) diclofop
methyl, and (c) atrazine. 
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FIGURE 3. Comparison of the sorption rate constants (log /c) and partitioning coefficients (log IQ with the aqueous solutility (log .S) and 
octanol-water partitioning coefficient (log K.w) of contaminants investigated for two series of experiments. 

solubility. Likewise, there is a general trend for log Kct to 
increase with increase in log Kow (35). However this increase 
is limited to a relatively small range of a factor of 50, in 
comparison to the much wider range of Kow (1 x JO-L 1 x 
107) studied. In general, these overall trends indicate that 
the net sorption in the biofilm was weakly dependent on the 
organophillc nature and the solubility of the contaminants. 
This sorption to the biofilm was however significant and 
detectable using tandem mass spectrometry, as evidenced 
from the results summarized in Table 1. 

Although little is known about the mechanisms involved 
for the sorption of pesticides in biofilms, processes similar 
to those described for metals have been postulated for the 
competitive sorption of organic contaminants (36, 37). 
However, since the EPS can contain significant amounts of 
proteins, there may be other sites for interaction with 
nonpolar or lipophilic regions of pesticides. Consequently, 
in addition to the solubility of the pesticides being a key 
parameter for sorption of dissolved organics to biofilms, the 
lipophilic nature of the contaminants is expected to be an 
important factor, as evidenced from the results of this 
investigation. 

The difficulties associated with measurements to quantify 
biofilm dynamics is illustrated in Figure 2c, in which it is 
evident that the model employed provides a reasonable fit 
for 13 of the 17 data points. After the initial sample at time 
zero, there are three experimental points that differ signifi
cantly from that predicted by the model. The experimental 
profile thus appears to contain three sharp pulses of analytes 
released to the water. These pulses appear to be real since 
the levels are orders of magnitude greater than the precision 
of the overall analytical method ( < 10% RSD). It is possible 
that the pulses may be due to the observed periodic 
detachment ofbiofilm from the reactor. However, the time 
required for collection of a given sample was approximately 
10 min, a period greater than the time required for detach
ment of the biofilm. The observations are thus considered 
to be preliminary, since it was not possible to measure the 
repeatability of such detachments frorri run to run in this 
investigation. To better resolve and understand this possible 
biofilm dynamics, including toxic effects attributed to 
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periodic detachment of biofilm material, further study is 
warranted employing shorter sampling times and smaller 
sample volumes. 

Although factors influencing the detachment of biofilm 
and the pulsed releases of contaminants are not fully 
understood, some insights are gradually emerging. The 
mechanism has been reported to be a dynamic process 
involving detachment of portions of the biofilm and reen
trainment in the bulk fluid (38) under turbulent flow 
conditions. Combined transport and adsorption processes 
appear to be important in only the very early stages ofbiofilm 
accumulation with detachment rates increasing continuously 
with biofilm accumulation (38). The distribution of pollutants 
in aquatic environments may thus be affected to a significant 
extent by the heterogeneity ofbiofilms in which contaminants 
exhibit different rates of sorption. Detachment of such 
biofilms from surfaces may lead to possible periodic releases 
of contaminants in natural waters, further study of which is 
warranted. 
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STATEMENT OF WORK 

Using the EPA Experimental Design Protocol for Chemical, Biological, and Radiological 
Contaminant Persistence and Decontamination in Drinking Water Pipes to Study 

Additional Contaminants 

I. TITLE 

Contract Number EP-C-10-001 
WA 1-16 

Using the EPA Experimental Design Protocol for Chemical, Biological, and Radiological 
Contaminant Persistence and Decontamination in Drinking Water Pipes to Study Additional 
Contaminants 

II. PERIOD OF PERFORMANCE 

The period of performance for the tasks detailed in this Statement of Work (SOW) shall be from 
date of award through August 31, 2011. 

III. BACKGROUND 

The EPA's National Homeland Security Research Center (NHSRC) conducts research to protect, 
detect, respond to, and recover from terrorist attacks on the nation's water and wastewater 
infrastructure. Among concerns of such attacks is the adsorption of contaminants introduced into 
drinking water distribution systems to pipe walls and any corrosion or biofilm on interior pipe 
surfaces. Adsorbed contaminants could slough off over time, potentially endangering public 
health and prolonging the effects of the attack. Research is needed to better understand the 
adherence and persistence of selected contaminants on pipe walls and methods for successful 
decontamination and treatment. 

Multiple research studies have been conducted to determine the adsorption of particular 
chemical, biological, and radiological contaminants to various drinking water pipe materials and 
test various methods to destroy, reduce, or remove adsorbed contaminants. Experimental 
designs have varied among these studies for both adsorption and decontamination. While useful 
data has resulted from studies conducted to date, an experimental design was needed that 
incorporates and improves the most effective design approaches and addressing lessons learned 
from the previous studies. Many priority contaminants have not yet been studied and the use of 
such a design will permit increased confidence, continuity, and comparability of results across 
studies. 

The Contractor developed and tested an Experimental Design Protocol for Chemical, Biological, 
and Radiological Contaminant Persistence and Decontamination in Drinking Water Pipes under 
Blanket Purchase Agreement GS23F001L-3. To test the experimental design protocol, the 
Contractor performed persistence testing with chlordane applied to surfaces that simulate 



cement-lined pipe as well as polyvinyl chloride (PVC) pipe and sodium tluoroacetate (SF A) 
applied to simulated cement-lined pipe followed by decontamination testing with flushing and 
hyperchlorination. Under this work assignment, the Contractor shall perform similar tests using 
two additional contaminants recommended by the Contractor and approved by the EPA Work 
Assignment Manager (W AM), such as: 

• Bacillus anthracis surrogate (such as Bacillus globigii) 
• Yersinia pestis surrogate (such as Yersinia pestis Harbin) 
• Toxin surrogate 
• Commercially available pesticide/herbicide (formulation and pure compound) 

IV. OBJECTIVE 

The objective of this Work Assignment is testing the previously developed EPA Experimental 
Design Protocol for Chemical, Biological, and Radiological Contaminant Persistence and 
Decontamination in Drinking Water Pipes to quantitatively determine the adsorption propensity 
of the selected priority contaminants to various drinking water pipe materials and methods to 
successfully decontaminate affected pipe surfaces if the contaminant persists. 

V. SCOPE 

The testing of the experimental design shall involve using the previously developed experimental 
design protocol to study two biological or chemical contaminants recommended by the 
Contractor and approved by the EPA W AM. 

VI. TASKS 

The Contractor shall perform the following tasks: 

Task 1. Prepare Quality Assurance Project Plan 

In collaboration with the EPA W AM, the Contractor shall develop data quality objectives, which 
in turn shall serve as the basis for the quality assurance plan. The Contractor shall prepare a 
Quality Assurance Project Plan (QAPP) that complies with all requirements delineated under 
"Quality Assurance" below. 

Task 2. Test the Prototype Experimental Design 

Within 120 days following EPA approval of the QAPP, the Contractor shall conduct experiments 
following the experimental design protocol and deliver a draft report of results. The test 
experiments shall include contaminants and pipe materials approved by the EPA W AM. EPA 
will review the draft report and provide comments and changes within 15 days after receiving the 
draft. The Contractor shall incorporate any changes and deliver a final report within 30 days 
following receipt of EPA comments. The Contractor shall also deliver a 2-5 page technical brief 
summarizing highlights of the research findings and provide all experimental data to EPA in 
electronic format. 

2 



DELIVERABLE SCHEDULE 

Task 1. QAPP within 60 working days following approval of the Work Plan. 

Task 2. Draft test report within 120 days following EPA approval of the QAPP and a final test 
report, 2-5 page technical brief, and experimental data within 30 days following receipt 
of EPA comments. 

REPORTING REQUIREMENTS 

On a monthly basis for the duration of the project, the Contractor shall submit in electronic 
format a status report summarizing technical progress, problems encountered, and budget 
expended to date. 

QUALITY ASSURANCE 

The awardee shall comply with all requirements as delineated on the "Quality Assurance 
Planning Requirements Form (QARF)" included with this extramural action, see attachment #1 
and #2. The contractor shall prepare a QAPP in accordance with http://www.epa.gov/quality/gs
docs/r5-final.pdf or based on the type of research that is being conducted. For guidance on 
preparing a research-specific QAPP, the preparer should refer to the project specific 
requirements provided in NHSRC's QMP. The QAPP must be approved prior to the start of any 
laboratory work. Additional information related to QA requirements can be found at 
www.epa.gov/quality. 
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NHSRC QUALITY ASSURANCE REQUIREMENTS FORM 
Attachment 1 to the Statement of Work 

I GENERAL INFORMATION 

Tltl~: 

Description: 

Project JD: 

Status: 

Number Ammended: 

QA Category: 

Action Type: 

Peer Review Category: 

Using the EPA Experimental Design Protocol for Chemical, Biological, and Radiological 
Contaminant Persistence and Decontamination In Drinking Water Pipes to Study 
Additional Contaminants 

The objective of this Work Assignment Is testing a previously developed EPA "Experimental 
Design Protocol for Chemlcal1 Biological, and Radiological Contaminant Persistence and 
Decontamination In Drinking Water Pipes" to quantitatively. determine the adsorption 
propensity of selectE!d priority contaminants to various drinking water pipe mat~iala and 
methods to successfully decontaminate affected pipe surfaces If the contaminant persists. 

WIPO 5.1 

Original 

lii 

Extramural 

Security ClasslflaJtlon; Unclassified 

Project Type: Applied Research 

QAPP Status 1: Not Delivered 

QAPP Status 2: Not Delivered 

QAPP Status 3: Not Delivered 

Vehicle Status: Existing Vehicle 

Vehicle Type: Vehicle Number: 

Work Assignment Number: 

Delivery/Task Order Number! 

Modification Number: 

Other: 

Contrect Number EP·C·1Q·001 

TBD 

N/A 
N/A 

If you are processing an IAG or CRADA, the responsibility for QA must be negotiated within the agreement The 
TLPs In consultation with the (JAMs In the various organizations must ~gree on, and document, which organization will 
take the lead for QA, the names of the QAM and TLP from each organization, and the QA requirements. that Will be 
adhered to during the agreement. Indude this Info In the IAGICRADA package. 

II SCOPE. OF WORK 

Yes Does the Statement of Work contain the appropriate QA language? 

The awardee shall comply with all requirements as delineated on the "Quality Assurance Planning Requirements 

Form (QAR.Ft Included With this extramural action. The contractor shall prepare a QAPP In accordance with the 
R·2 and R~S and/or the attachments provided with the SOW. The QAPP must be approved prior to the start of 
any work. Additional information related to QA requirements can be found at 
http://www.epa.gov/quality/qs-docsfrS·final.pdf 

Yes Does this extramural action Involve the collection, generation, use1 and/or reporting o.f environmental qat~; the 
design, construction, and operation of environmental technologies; or development of software, models, or 
methods? · · 

(If "No" then skip to Section IV, and sign the form.) 
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No Will the SOW or any subsequent work assignments or task orders Involve any cross·organlzatlonal efforts. 
within EPA? 

No Has a QAPP already been approved for the activities specified in the SOW? 

No Is an appRcable QAPP In the process of being prepared, revised, or approved by EPA personnel for future use 
by the contractor? (QA approval must be obtained before the contractor can start work.) 

XU QA DOCUMBNTATXON OPTIONS 

All documentation specified under "other" must be definEd In the NHSRC Quality Management Plan and be consistent 
with requirements defined in EPA Manual 5360 Al. For all Items checked below, there must be adequ<)te information ln 
the SOW (or its appendices) for the offeror to develop this documentation. Where applicable, reference a specific 
section of the SOW. (R-2 refers to· EPA Requirements for Qua/tty Mamgement Plans f(MIR·22 (EPA/24018-0J/002, 
03/20101) and R·S refers to EPA Requtrements far Quality AsSUU1Qce Protect ptans (QAIR·Sl (EPA/240/8·01/003, 
03/20101). Copies of these documents are available at http;llwww..e.pa.goylqualitylqa docs.htmL) 

After Award Documentation 

Not Applicable 

Not Applicable 

Not Applicable 

Not Applicable 

XV SIGNATURE BLOCK 

Documentation of an organization's Quality System. QMP developed in'atcordance with: 

Combined documentation of an organization's Quality System and application of QA and 
QC to the single project covered by the contract: Developed fn accordance With: 

Documentation of the application of QA and QC activities to applicable project{s). 
Developed In accordance with: 

Programmatic QA Project Plan wlth supplements for each specific project,. developed In 
accordance with: · 

Existing documentation of the application of QA and QC activities will be used: 

The signatures below verify that the Statement of Work (SOW) has been reviewed to ascertain the necessary QA and 
QC ilCtlvitles required to comply with EPA Order 5360.1 A2, that the COR understands these requlrements1 and that the 
COR will ensure that the quality requirements indicated on the prevlotJs pages of this form are Incorporated Into all 
associated SOWs. (Sign/date below, obtain a concurrence signature from the QA Sta(f, .and submit: the form along 
with the other extramural action documentation.) 

/(, jqt~t~ 1/t./11 ~tmlL ~.& 'lllbl2.0ll 
Scott Minamyer 12/14/2010 12/14/2010 

NHSRC-WIP Technical Lead Person Date • QA Staff Member Date 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
(from Appendix B ofthe NHSRC QMP) 

An applied research J:rojeot Is a study to demonstrate the performance of techno~ogles under defined conditions. These .studies are often pUot· 
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or field-scale. The folbwlng requirements should be addressed as applicable. 

SECTION 0.0, APPROVAL BY PROJECT PARTICIPANTS 

The EPA Technical Lead Person (TLP) shall be responsible for obtaining signatures of ap~ropriate. project participants anlhe signature 
page of the QA plan, documenting agreement to project objectives end the approach for evaluating these objectives. 

A distribution list shall be provided to facilitate the distribution of the most recent current version of the QAPP to all the principal project 
pa rtlclpants. 

SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 
1.1 The. purpose of study shall be clearly stated. 

1.2 The process, site; facility, and/or environmental system to be tested shall be described. 

1.3 Project objectives shall be clearly stated and ldenll~ed as primary or non-primary. 

SECTION 2.0, PROJECT ORGANIZATION 

2.1 Key points of contact for each organization Involved In the project shall be Identified. 

2.2 All QA Managers and their relalfonshlp In the organizations (I.e., location WIUlln each organization) shall be identiOed with 
evidence that the OA Manager Is Independent of project management. 

2.3 Responsibilities of all other project participants and their relationship to other project participants shall be ldenlllled, meaning that 
organizations responsible for planning, coordination, sample collection, sample custody, measurements (ie., analytical, physical, and process), 
data reduction, data validation, and report preparation shall be c!eBrly klentlfled. 

SECTION 3.0, EXPERIMENTAL APPROACH 

3.1 The general approach and tha test conditions for each expert menial phase shell be provided. The statistical methods that will be 
used to evaluate the data (I.e., ANOVA, or summary statistics) should be Identified. 

(NOTE: As deemed appropriate to the proJect by the TLP, the Information requested In Seelfons 3;2, 3.3, and 3.4 may be presented here orin 
Section 4; the Information requested In Sections 3.5 may be presented hare or ln Secllon.5; and the Information requested In Sections 3.6 may 
be presented here a in Section 7 ,) 

3,2 The sampling strategy shaD be Included and evidence must be presented to demonstrate that tile strategy Is appropriate for 
meeting primary project objectives, I.e., a description of the stat!s!Cal method or scientific rationale used to select sample sites and number of 
samples shall be provided. 

3.3 Sampling/monitoring points for all measurements (le., lndudlng locations and access points) shall be Identified. 

3.4 The frequency of sampling/monitoring events, as well as the numbers for each sample type and/or location shall be provided, 
Including ac and reserve samples. 

3.5 All measurements (le., analytical [chemical, microbiological, asse~sJ, physlcel, end process) shall be Identified for each sample 
type or process, and project-speclflc target ana lyles shell be listed and classified as critical or noncritical In the QAPP. 

3.6 The planned approach (statistical and/or non·statlsllcal) for evaluating proJect objectives shall be Included. 

SECTION 4.0, SAMPLING PROCEDURES 

4.1 Whenever applicable. the method used to establish steady-state conditions shall be described. 

4.2 Known slle_speclflc factors that may affect sampling/monitoring p-ocedures shall be described. 

4:3 Any site preparation needed pripr to sampllng/moritorlng shall be described. 

4.4 Each sampllngfmonltorlng procedure to be used shall be discussed or referenced. If composlllng or.splittlng.samples, those 
procedures shall be described. 

4.5 For samples requlri~ a split sample for either QAIQC purposes or for shipment to a different laboratory, the OAPP shall identifY 
who Is responsible for splitting samples, and where the splitting Is performed (e.o., field versus lab), 

4.6 If sampllnglmonltoring equipment Is used to collect critical measurement data (I.e., used to calculate the flnal concentration of a 
Ctitlcal parameter}, the OAPP shell describe how the sampling equipment Is calil:tated, the freqooncy at which It Is calibrated, and the 
acceptance criteria Fol ct~libraliM or ¢alibration verili¢tlt!on. a a apt~roprlate. 

4, 7 If sampl!nQ/monltoring equipment Is used to collecl critical measurement data, the OAPP shall describ~ how cross-contamination 
between samples Is avoided. 
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4.8 The QAPP shall Include a discussion of the proced.Jres to be used to assure that representative samples are collected. 

4.9 A llsJ of sample quantllles to be collected, and the sample amount required for each analysis, lndudlng QC sample analysis, shall 

be speeifle~. 

4.10 Containers used for sample collection, transport, and storage for each sample type shall be described. 

4.11 Describe how samples are unlquelyldentffied. • 

4.12 Sample preservation methods (e.g., refrigeration, aCidification, etc.), Including specific reagents, equipment, and supplies 

required for sample preservation shall be described. 

4.13 Holding time requirements shall be noted. 

4.14 Procedures for packing and shipping samples shall be described. 

4.15 Procadures to maintain chaln_of_custody (e.g., custody seals, records) during transfer from the. field to the laboratory,ln the 

laboratory, and among contractors and subcontractors shall be described to ensure that sample lntegi1ty is maintained. 

4.16 Sample archival requirements for each relevant organization shall be provided. 

SECTION 5.0, TESTING AND MEASUREMENT PROTOCOLS 

5.1 Each measurement method to be used shall be described In detal or referenced. Modifications to EPA_approved or similarly 

valldated methods shal be specified. 

5.2 For unproven methods, verification data applicable to expected matrices shall be Included In the QAPP meaning the OAPP shall 

PfOv de evidence that the proposed method Is capable of achlevirg the desired performance. 

5.3 For measurements which require a calibrated system, the QAPP shall Include specific calibration procedures applicable to each 

project target analyte, and the procedures for verifying both Initial and continuing calibrations {Including frequency and acceptance criteria, and 

corrective actions to be performed If acceptance criteria are not met). 

SECTION S.O, QA/OC CHECKS 

6.1 At a minimum, the OAPP shall include quantitative acceptance criteria for QA objectives associated with accuracy, precision, 

detection limits, and completeness ror critical measurements (process, physical, and analytical, as applicable) for each matrix, 

6.2 Any additional project-specific QA objectives shall be presented, Including acceptance criteria. This Includes items such as mass 

balance requirements. 

6.3 The specific proce9ures used to assess all Identified QA objectiVES shall be fully described. 

6.4 The QAPP shall list and define all clher 00 checks and/or procedJres (e.g., blanks, surrogates, controls, ole.) used for the 

project, bolh field and laboratory. · 

6.5 For each specified (lC check or procedure, required frequencies, associated acceptance criteria, and corrective actions to be 

performed if acceptance criteria are not met shall be Included. 

SeCTION 7.0, DATA RePORTING, DATAREDUCTION,ANDDATAVALIDATION 

7.1 The reporting requirements (e.g., u~its, reporting method [wet or dry)) for each measurement a1d matrix shall be Identified. 

7.2 The dellverables expected from each organization respOnsible for field and laboratory actiVIties shall be listed. 

7.3 Data reduction procedures specific to the project, and also specltt to each organization, shall be summarized. 

7.4 Data validation procedures specific to each organization used to ensure the reporting of aoeurate project data to internal and 

extemal clients shall be summarized. 

7.5 Data storage requirements for each organization shall be provided. 

7.6 The product document that will be prepared for the project shall be specllied (e.g., journal artlcle,1inal report, e!c.). The contents 
of this document can be rete~ncect to a NHSRC or program-specific QMP, if ~pproprlate. 

SECTION 8.0, ASSESSMENTS 

8.1 Tile QAPP shall ldenUfy all scheduled audits (I.e., bothtechnlcal system audits [TSAs] and performance evaluations (PEs)) to be 

performed, who will perform these audits. and who will receive the audit reports. 

8.2 The QAPP shall provide procedures that are to be followed that vdll ensure that necessary corrective actions \\411 be performed. 
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8.3 The responsible party{-les) for Implementing corrective actions shall be idenUfied. 

SECTION 9.0, REFERENCES 

References shall be provided either ln the body of lhe text as footnotes orin a separate section. 

Attachment# 2 

NHSRCQA 
To the Statement of Work 

Requ lrements/Deflnitlons List 

EPAs Quality System Website: bttpl/fWWw.epa.govlguai!W 
EPA's Requirements and Guidance Documents: httq;/lwww.epa.gov/gualltylga doa.html 
EPA's Quality system Website:. http!flw\yvtemuloviQuaiiMtJ§::dqq/r§.flnal.pdf 

In accordance with EPA Order 5360.1 A2, conformance to ANSIIASQC E4 must be demonstrated by submitting the quality documentation 
described herein. All Quality documentation shall be submitted to the Government for rev few. The Government wlll review and return the 
qua1lly documentation, with comments, and Indicate approval or disapproval. If Ute quality documentaUC:m Is not approved, It must be revll!ed 

to address all comments and shall be resubmitted to the G.ovemment for approval. Work involving environmental data collection, generation, 

use, or reporting shall not commence until the Government has approve the qua5ty documentation. The Quality Assurance Project Plan 
(QAPP) shall be submitted to the Government at least thirty (30) days prior to the beginning or any environmental data gathering or 

generation activity in order to allow sufflcfenl time .for review and revisions to be completed. After the Government has approved the quality 

documentation, the Contractor shal also Implement It as written and approved by the Government. 

NHSBC's Quality §yatem Sveglf!cattons for extramural Actions -

These requ1rementstyplcally pertain to single projecteffort&, The five specifications are: 

(1) a description of tha organization's Quality System (QS) and lllformatJon regarding how this QS Is documented, 
communicated and Implemented; 

~2) an organizational chart showing the posiUon of the QA func~on; 
(3) delineation of the authority and responsibilities of the QA function; 
(4) the background and experience of the QA personnel who will be assigned to the project; and 
(5) the organization's general approach for accomplishing the QA speolfteatlons In the SOW. 

NHSRC QA BequlcementsiDeflnitlons List 
Category Level Designations (determines the level of QA required): 

0 Category I Project· applicable to studies performed to generate data used for enforcement activities, litigation, or research project 
involving human subjects. The QAPP shall address all elements listed in "EPA Requirements for QA Project Plans. EPA QA/R-5. 

D Category II Project· applicable to studies performed to generate data used In support of the development of environmental 
regulations or standards. The OAPP shall address all elements listed in "EPA Requirements for OA Project Plans, EPA QAIR-6. 

D 

Category Ill Project· applicabiiJ to project$ Involving epplled rteearcn or teehnologyevaluations. The QAPP shall address the 

applicable sections of "EPA Requirements for QA Project Plans. EPA QAIR-5 all outnned in the NHSRC's QMP: QAPP 
requirements for the specific project type (see below). 

Category IV ProJect· applicable to proJects Involving basic research or preliminary d~ta gathering activities. The.QAPP shall 

address the applicable sections of "EPA Requirements ror OA Project Plans, EPACA/R-5 as outlined h'i the NHSRC's QM P 

QAPP requirements for the specifiG proj~c:t type (aee below). 

Project Types: 
These outlines of NHSRC's QAPP Requirements for various project types, !rom Apptmdlx.lil.of t~ NH~C QMP (exc,:ept where 

otherwise noted~. are condensed from typically applicable sections ol R-5 (EISA Requirements for QA Project Plans) and are 

Intended to serve as a starting point when preparing a QAPP. These lists and their fonmet may noJ fit ev~ry res.earch scenario and 
QAPP's must conform to applicable sections of R-5 in a way thatfully describes the research plan and approprtate QA and QC measures to 
ensure that the data are or adequate quality and quantity to fit their Intended purpose. 

Applied Research Project· pertains to a study performed to generate data to demonstrate the performance ofaccepted 
processes or teQhnologles under defined conditions. These studies are often pilot- or fie.fd·scale. The OAPP shal address all 
requirements listed in •QAPP Requirements for Applied Research Projects• ftom Appendix 8 of the NHSRC QMP. 
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D 
D 

D 
D 
D 
D 
D 

D 

Basic Research Project. pertains to a study performed!() generate data used to evaluate unprowmtheories, processes, or 
technologies. These studies are often bench-scale. The QAPP shall address all requirements listed in •QApp Requirements for 
Basic Research Projects• from Appendix B of the NHSRC QMP. 

Doslgn, Construction, and/or Operation of Envlronmenlal Technology Project· pertains to environmental technology 
designed, oonstrocted andfor operated b'/ and/or for EPA. The QAPPshall address requirements lnlhe EPA Quali\ySystem 
document. 'Guidance on Quality Assurance for Environmental. Technology Design, Construction, and Operation• G·11, at 
http;/fwww.epa,govlgualitVIOS-docslo11·finai.Q5.pdf. For additional Information, you may referto Part c.of "Specification$ and 
Guidelines for Quality Systems for Environmental Data Collection and Environmental Technology,• ANSI/ASQC E4·1994, American 
SOciety for Quality Contro~ Milwaukee, WI, January 1995. 

Geospatlal Data Quality Assurance Project • pertains to data colledlon; data pro~sslng and analysis; and data 1/alldatl.on of 
geospallal applications. The QAPP shall address requirements In the EPA Quality System document "Guidance ror.Geospalial 
Data Quality Assurance Project Plans· G-5S at h!!o:l/yMw.epa.goy/aualltv/QS.docslq5g·flnili·Op.pdf. 

Method Dwelopment Project. pertains to situations where there Is no existing sta11dard method, or, :a standand method needs lo 
be slgnlllcanUy modifi!W ror a specific application. The QAPP shall add reA all requhemerlt$ Uated In "OAPP Requirement& for 
Method Clevelopment Projects" from Appendix 13 of the NHSRC OMP. 

Model Development Project -Includes all types of mathematical models Including s1atlc, dynamic. deterministic, stochastic, 
mechaniStic, empirical, etc. The OAPP shall address requirements in the EPA Quality System .document. "Guidance for Quality 
Assurance Project Plans for Modeling• G-5M at http:llwww.epa.goy/gual!tv/OS-docstg5m·flnal.pdf. 

Sampling and Analysis Project· pertains to the collection and analysis of samples with no. objectives oUler than to provide 
characterization or monitoring information. The .QAF!P shall address all requirements listed In "QAPP Requirements for Sampling 
and Analysis Projects" from Apperidbc E1 of the NHSRC QMP. 

Secondary Data Project· pertains to environmental data collected frcm other sources. by or for EPA, that are used for purposes 
othet than those originally Intended. Sources may inctude: literature, l,dustry surveys, compilations from computerized databases 
and information systems, and computerized or mathematleal models of environmental processes. The QAPP shall address all 
requirements listed In "OAPP Requirements for Secondary Data Projects" from Appendix B of the NHSRC QMP. 

Software Development and Data Management Project· pertains to software development, software/hardware 
systems development, da1abase design and maintenance, data valldailon and verification systems. The QAPP shall address all 
requirements listed In 'OAPP Requirements for Software Development Projects" from Appendix B of the NHSRC QMP. 

Definitions: 

Envlronmenlal Data· These are any measurement or Information that describe environmental processes, location, or conditioM; t~logle\11 
ot health effects directly from measurements. produced frotn software and models, and compiled from other so.urces such a& data bases or 
the literature. For EPA, environmental data include information collected directly from measurements, produced from software and models, 
and compiled from other sources such as data bases or literature. 

lncrementall=undlng. Incremental funding Is partial funding, no new work. 

Quality Assurance (QA) ·Quality assurance Is a system of management activities to ensure Uat a process, item, or service is o.f the type 
an<fquallty needed b~ the customer. It deals with setting policy alld running an adminlstratiW system of management controls that cover 
planning, Implementation, and review of data collection activities and the use of data In decision making. Quality assurance is just one part of 
a quality system. 

Quality Assurance Project Plan (QAPP). A QAFP Is a document that describes the necessal)' quality. assurance. quality control, and other 
techni<;al activities that must be Implemented to ensure that the results of the work performed 111ill satisfy the slated performance criteria. A 
OAPP documents prcject-specirto Information. 

Quality Control (QC)- Quality cicntrolls a technical function that Includes all the scientific precautions. such as calibrations and duplications, 
whieh are needed If> acquire data of known and adequate quality. 

Quality Management Plan (QMP) ·A ClMP ls a document that describes an orsanizatlon'sfprcgram's quality system lri terms of the 
organlxatlonal structure, policy and procedures. runcttonal responsibllltle~ of managemtlnt and staff, lines of authority, and required Interfaces 
for those planning, Implementing, dccumenting, and assessing all actlvilles conducted, A QMP documents the overall orgao1zatlcm/program, 
and is primarily applicable to multi-year, mulll~prQject efforts. An organization's/program's OMP shall address all elemenl$ listed In the 
"Requirements for Quality Management Plans" In Appandf~ B of the NHSRC QMP. 

Quality System -A quality system is the means by which an organization manages its quality aspects in a systematic, organlud manner and 
provides a framework for planning. implementing, anq assessing work performed by an organization and for carrying out required quality 
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Quality System ·A quality system is the means by which an organization manages its quality aspects In a systematic, organiz!ld manner and 
provld's a.frameworll for pl\J.I'mln9, Implementing, and assessing work perrormed by an organitalion and for carrying out required quality 
a&syrane» and quaU~ control acllvities. 

R·2. EPA Requirem~nts for Qualii'J Management Plans (EPA1240fB.01/002) M~rch. 2001 b!IQ:IAWIW.loa.qo71/0Ua!ityiOS•do!)$!r2·final.pdf 

R-5. EPA Requlremen~ for Quality Management :11ans (EPA/24018>01/002) March, 2001 hltp:/llw.w.epa.go'l/quality/OS-docsl£1i·finai.Rdf 

Substantive Change- Substantive change is any change in an activity that ma~ alter the quality of data belng used, generated, or gatheted. 

Technical Lead Person (TLP) ·This person is te~hnically responsible for the project. For extramural contract work, the TLP is typically tile 
con:racting officer's ~~tpre$entative (COR). For Intramural work, the TLP is typiC<llly the Prlriclpallnvesligator. 

Abbrevfatlons: 
COR Contracting Officer's Represe~lative lAG Interagency Agreement 

NHSRC National Homeland Security Research Center OA Quality Assurance 

NRMR~ National Risk Managemenl Reseerc:h laboratory OAM Quality Assura.1ce Manager 
QA 10 Quality Assurance Identification OMP Quality Management Plan 

QAPP Quafdy AssUrance Project Plan SOW Statement ofVVork 
QS Quality System CRAOA CooperatiVe Research & Development Agreement 

TLP Technical lead Per&on 

Atlac~ment #2.to the Statement of Work 
Revision 1. March ZC06 
NHSRC06102 
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I. PERIOD OF PERFORMANCE 
The period of performance for the tasks detailed in this Statement of Work (SOW) shall end 
August 30, 2011. 

II. SUMMARY OF OBJECTIVES 
The current recommendation for radioactively contaminated clothing is to take the clothing off 
and bag it. It is unknown exactly how effective washing is for removing RDD contamination 
from clothing items and perhaps, more importantly, the impacts of the general public knowingly 
or unknowingly washing their contaminated clothing are not characterized. The objective of this 
work is specifically to determine the efficacy of washing for removal ofRDD contamination 
(focus on Cs137Cl RDD) and determine the fate of this Cs137 contamination after washing. The 
amount of Cs 13 7 that exits the washer and is dumped into the wastewater will also be 
determined. This work is similar to evaluations accomplished under the EPA's Technology 
Testing and Evaluation Program (TTEP), which has developed the test methods, protocols, 
Quality Assurance Project Plans (QAPP), and facilities applicable to this Statement of Work. It 
is anticipated that these previously developed products will be used or adapted to the greatest 
extent possible. Modifications in contamination methods and detection will be necessary 
because the surfaces are different than what was previously tested (soft porous surfaces versus 
hard porous and non-porous surfaces). 

The following will be measured using a top loader washing machine: 
o The activity of the clothing items before and after placing in the washer, 
o The activity of the water leaving the washer, 
o The activity of the washer components after all of the tests are complete. 
EPA emergency responders will use this data to construct self help guidance for the general 
public. 

III. BACKGROUND 
The U.S. Environmental Protection Agency (EPA) is the agency who is responsible for 
environmental cleanup after the release of a radiological dispersal device. It's Office of 
Research and Development National Homeland Research Center is therefore tasked to perform 
scientific studies to inform this cleanup. One aspect of this cleanup is recommendations for the 
general public. This study will inform these recommendations that are related to the laundering 
of clothing and other porous soft surfaces. 

IV. TECHNICAL APPROACH 
The Contractor shall adapt existing test methods, protocols, and shall quantify the activity of the 
clothing items before and after they are placed in the washer as well as the activity of the water 
leaving the washer. The contractor shall develop and demonstrate a method to contaminate the 
soft porous surfaces with Cs137Cl prior to laundering testing. The Contractor shall also 
determine the activity of the washer components after all of the tests are complete. 

V. TASKS 
TASK 1: PREPARATION AND APPROVAL OF THE QAPP PLAN 
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The awardee shall comply with all requirements as delineated on the "Quality 
Assurance Planning Requirements Form (QARF)" included with this extramural 
action, see attachment #1 and #2. The contractor shall prepare a QAPP in 
accordance with http://www.cpa.gov/quality/gs-docs/r5-final.pdfbased on the type of 
research that is being conducted. For guidance on preparing a research-specific 
QAPP, the preparer should refer to the project specific requirements provided in 
NHSRC's QMP. The QAPP must be approved by EPA prior to the start of any 
laboratory work. Additional information related to QA requirements can be found at 
www.cpa.gov/quality. 

The QAPP shall be based upon and consistent with the existing QAPP for similar 
tests. The QAPP shall include a rigorous demonstration of the final test methods and 
procedures to verify their efficacy. The draft QAPP will be reviewed by the EPA 
W AM and the EPA Quality Assurance Manager. The contractor shall respond to 
comments and submit the QAPP for final approval to the EPA W AM and EPA 
Quality Assurance Manager. The QAPP, including any amendments, must be 
approved by the EPA in writing (e.g., signature on the approval page) prior to the 
start of any work. 

TASK 2: DEVELOPMENT OF CONTAMINATION AND DETECTION METHOD FOR THE 

SOFT POROUS SURFACES AND FOR MEASUREMENT OF THE ACTIVITY OF THE 

WASHER COMPONENTS 
The contractor shall work with the EPA W AM to establish a method for deposition 
ofCs137Cl on soft porous surfaces. The contractor shall demonstrate this method on 
6 by 6 inch swatches of 3 materials to be selected by the EPA W AM. 

The Contractor shall propose the method to be used to characterize the swatches, 
both before and after deposition of the contamination (at a minimum the 
characteristics, distribution, and amount of contamination), and after the swatches of 
materials have been laundered. The contractor shall also propose a method to 
measure the activity of the components of the washer after all testing has been 
completed. 

TASK 3: TECHNOLOGY TESTING- EXECUTION 
TASK 3.1 Test Sample Preparation 
The contractor shall obtain 6 by 6 inch swatches of soft porous materials TBD by the 
EPA WAM. These materials shall likely cover a range of material types (e.g 100% 
cotton, 100% synthetic, 50/50 cotton/synthetic blend). 

Task 3.2 Contamination of Test Coupons 
Test coupons (5) and positive control coupons (2) shall be contaminated with 
Cs 13 7Cl in the horizontal orientation. These coupons shall be allowed to sit for as 
long as necessary for the surface to dry (this assumes the previous wet deposition 
method will be used). 

Task 3.3 Measurement of Cesium Activity on the Test Coupons 
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Activities on the positive control coupons and the test coupons shall be measured 
before and after laundering with the top loader washing machine. The measured 
activities from the positive control coupons and the test coupons shall be used to 
calculate the decontamination factor. The contractor shall also measure the activities 
of the 5 procedural blanks before and after they are washed with the test coupons. 

Task 3.4 Decontamination Technology Evaluation 
The contractor shall launder each of the 5 test coupons with a blank coupon of the 
same material to determine cross contamination (this is the 1 procedural blank for 
each of the 5 test coupons). The contractor shall repeat this for each of the three 
materials. After all of the tests are completed the contractor shall measure the activity 
of the washer components. The Contractor shall operate the washing machine using 
the cycle and water temperature determined by the EPA W AM. 

TASK4: DATASUMMARY 
The Contractor shall perform data analysis to determine individual and average 
decontamination factors for each of the materials. The contractor shall also provide a 
provide a technical report which shall document the results of Task 3, including all 
data generated. 
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VI. DELIVERABLE SCHEDULE 

1. On a monthly basis for the duration of the project, the contractor shall submit, in 
electronic format, progress reports summarizing technical progress, problems 
encountered, monthly and cumulative financial expenditures, and cost and 
schedule variance. 

2. Bi-weekly conference calls shall be established between the EPA W AM and the 
contractor project officer during construction of the QAPP and once experimental 
work has commenced. During these conference calls the contractor shall report 
on progress made in the project and any technical issues encountered in 
implementation of the test plan. 

3. Within 30 working days of the issuance of this contract, Quality Assurance 
Project Plan (QAPP) shall be provided to the EPA, in both electronic format 
(Microsoft Word, and Adobe), for Task 1-3. The EPA TOPO will then coordinate 
peer and EPA QA review of the QAPPs. The contractor shall then address any 
comments resulting from these reviews within 30 days of receipt of the 
comments. The contractor shall then provide a final copy of the QAPP both in 
electronic and hard copy for EPA Approval. Work covered in this contract shall 
not begin until the QAPP has been approved by the EPA Quality Assurance 
Manager. The QAPPs shall contain work plans detailing how the experiments 
will be run and include a timetable for task completion. The awardee shall adhere 
to QA requirements as delineated in "Attachment #1 and 2" to this SOW. 

4. Transfer of project data (including raw data) shall occur at the conclusion of the 
work assignment. 

5. A technical report shall be submitted within 8 weeks after the completion of the 
testing in Task 1-3. 

VII. REPORTING REQUIREMENTS 

1. Data generated as a result of this effort shall be shared with the EPA W AM for 
internal EPA use. 

2. Laboratory data shall be transferred electronically to the EPA W AM after the 
conclusion of each task. 

3. The technical report generated under this W A shall be subject to one internal EPA 
review and one external review. 

4. Products generated under this SOW shall conform to the requirements of EPA's 
Handbook for Preparing Office of Research and Development Reports 
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(EPA/800/K-95/002). Substantive portions of this handbook can be found at 
www.epa.gov/nhsrc under the policy and guidance tab. 

5. Prior to submission of the technical report, all of the data shall be given to the 
EPA W AM in electronic format, specifically Microsoft Excel® spreadsheets. 
The data contained in these spreadsheets shall be presented and annotated so as to 
be readily understandable to a wide audience. 

6. Copies of any internal audit reports and responses shall be sent to the EPA W AM 
in a timely fashion. The W AM and EPA Quality Assurance Manager shall be 
immediately notified of any critical findings. 

7. The contractor shall document all data analyses including statistical models and 
related assumptions. 
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NHSRC QUALITY ASSURANCE REQUIREMENTS FORM 
Attachment 1 to the Statement of Work 

--------------~ 

I GENERAL INFORMATION 

Title: 

Description: 

Project ID: 

Status: 

Number Ammended: 

Assessment of the Fate of ROD Contamination After Laundering of Soft Porous Materials 

The current recommendation for radioactively contaminated clothing is to take the clothing 
off and bag it. It is unknown exactly how effective washing is for removing ROD 
contamination from clothing items and perhaps, more importantly, the Impacts of the 
general public knowingly or unknowingly washing their contaminated clothing are not 
characterized. The objective of this work Is specifically to determine the efficacy of washing 
for removal of ROD contamination (focus on Cs137CI ROD) and determine the fate of this 
Cs137 contamination after washing. The amount of Cs137 that exits the washer and is 
dumped into the wastewater will also be determined. This work is similar to evaluations 
accomplished under the EPA's Technology Testing and Evaluation Program (TIEP), which 
has developed the test methods, protocols, Quality Assurance Project Plans (QAPP), and 
facilities applicable to this Statement of Work. It is anticipated that these previously 
developed products will be used or adapted to the greatest extent possible. Modifications 
in contamination methods and detection will be necessary because the surfaces are 
different than what was previously tested (soft porous surfaces versus hard porous and 
non-porous surfaces). 

The. following will be measured using a top loader washing machine: 
o The activity of the clothing items before and after placing in the washer, 
o The activity of the water leaving the washer, 
o The activity of the washer components after all of the tests are complete. 
EPA emergency responders will use this data to construct self help guidance for the general 
public. 

DCMDO ?>,S"\ 
Original 

QA Category: III 

Action Type: Extramural 

Peer Review Category: IV 

Security Classification: Unclassified 

Project Type: Sampling and Analysis; Method Development; Applied Research 

QAPP Status 1: Not Delivered 

Vehicle Status: Existing Vehicle 

Vehicle Type: Vehicle Nurnl)er: 

Work Assignment Number: 

Delivery/Task Order NumrJer: 

Modification Number· 

Other: 

EP-C-10-001 

WA- 17 

NA 

NA 

NA 

If you are processing an lAG or CRADA, the responsibility for QA must be negotiated within the agreement. The 
TLPs in consultation with the QAMs in the various organizations must agree on, and document, which organization will 
take the lead for QA, the names of the QAM and TLP from each organization, and the QA requirements that will be 
adhered to during the agreement. Include this info in the IAGICRADA package. 

II SCOPE OF WORK 

Yes Does the Statement of Work contain the appropriate QA language? 
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The awardee shall comply with all requirements as delineated on the "Quality Assurance Planning Requirements 
Form (QARF)" included with this extramural action. The contractor shall prepare a QAPP in accordance with the 
R-2 and R-5 and/or the attachments provided with the SOW. The QAPP must be approved prior to the start of 
any work. Additional information related to QA requirements can be found at 
http: I /www. epa .gov /quality /qs-docs/r5-final. pdf 

Yes Does this extramural action involve the collection, generation, use, and/or reporting of environmental data; the 
design, construction, and operation of environmental technologies; or development of software, models, or 
methods? 
(If "No" then skip to Section IV, and sign the form.) 

No Will the SOW or any subsequent work assignments or task orders involve any cross-organizational efforts 
within EPA? 

No Has a QAPP already been approved for the activities specified in the SOW? 

No Is an applicable QAPP in the process of being prepared, revised, or approved by EPA personnel for future use 
by the contractor? (QA approval must be obtained before the contractor can start work.) 

III QA DOCUMENTATION OPTIONS 

All documentation specified under "Other" must be defined in the NHSRC Quality Management Plan and be consistent 
with requirements defined in EPA Manual 5360 Al. For all items checked below, there must be adequate information in 
the SOW (or its appendices) for the offeror to develop this documentation. Where applicable, reference a specific 
section of the SOW. (R-2 refers to EPA Requirements for Quality Management Plans CQA/R-2) (EPA/240/B-011002, 
03/20/0l) and R-5 refers to EPA Requirements for Quality Assurance Prqject Plans (QA/R-51 (EPA/240/B-01/003, 
03/20!01). Copies of these documents are available at l]tJpj/'(•(1/V.rY,f!.PifLfl.QY/Wigftty!q<J ,fqc;s)lt!T!l ) 

After Award Documentation 

R2 

R2 and R5 

R5 

Documentation developed 
pre-award 

IV SIGNATURE BLOCK 

Documentation of an organization's Quality System. QMP developed In accordance with: 

Combined documentation of an organization's Quality System and application of QA and 
QC to the single project covered by the contract: Developed in accordance with: 

Documentation of the application of QA and QC activities to applicable project(s). 
.Developed in accordance with: 

Programmatic QA Project Plan with supplements for each specific project, developed in 
accordance with: 

Existing documentation ofthe application of QA and QC activities will be used: 

The signatures below verify that the Statement of Work (SOW) has been reviewed to ascertain the necessary QA and 
QC activities required to comply with EPA Order 5360.1 A2, that the COR understands these requirements, and that the 
COR will ensure that the quality requirements indicated on the previous pages of this form are incorporated Into all 
associated SOWs. (Sign/date below, obtain a concurrence signature from the QA Staff, and submit the form along 
with the other extramural action documentation.) 
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Emily Snyder 
NHSRC-DCMD Technical Lead Person 

~L 
• 

02/14/2011 
Date 

Eletha Roberts 
NHSRC-DCMD QA Staff Member 

QAPP REQUIREMENTS FOR APPLIED RESEARCH PROJECTS 
{from Appendix 8 of the NHSRC QMP) 

02/14/2011 
Date 

An applied research project is a study to demonstrate the performance of technologies under defined conditions. These studies are often pilot
or field-scale. The following requirements should be addressed as applicable. 

SECTION 0.0, APPROVAL BY PROJECT PARTICIPANTS 

The EPA Technical Lead Person (TLP) shall be responsible for obtaining signatures of appropriate project participants on the 
signature page of the QA plan, documenting agreement to project objectives and the approach for evaluating these objectives. 

A distribution list shall be provided to facilitate the distribution of the most recent current version of the QAPP to all the principal project 
participants. 

SECTION 1.0, PROJECT DESCRIPTION AND OBJECTIVES 

1.1 

1.2 

1.3 

The purpose of study shall be clearly stated. 

The process, site, facility, and/or environmental system to be tested shall be described. 

Project objectives shall be clearly stated and identified as primary or non-primary. 

SECTION 2.0, PROJECT ORGANIZATION 

2.1 Key points of contact for each organization involved in the project shall be identified. 

2.2 All QA Managers and their relationship in the organizations (I.e., location within each organization) shall be Identified with 
evidence that the QA Manager is independent of project management. 

2.3 Responsibilities of all other project participants and their relationship to other project participants shall be identified, meaning that 
organizations responsible for planning, coordination, sample collection, sample custody, measurements (i.e., analytical, physical, and process), 
data reduction, data validation, and report preparation shall be clearly identified. 

SECTION 3.0, EXPERIMENTAL APPROACH 

3.1 The general approach and the test conditions for each experimental phase shall be provided. The statistical methods that will be 
used to evaluate the data (i.e., ANOVA, or summary statistics) should be Identified. 

(NOTE: As deemed appropriate to the project by the TLP, the information requested in Sections 3.2, 3.3, and 3.4 may be presented here or in 
Section 4; the information requested in Sections 3.5 may be presented here or in Section 5; and the information requested in Sections 3.6 may 
be presented here or in Section 7.) 

3.2 The sampling strategy shall be included and evidence must be presented to demonstrate that the strategy is appropriate for 
meeting primary project objectives, I.e., a description of the statistical method or scientific rationale used to select sample sites and number of 
samples shall be provided. 

3.3 Sampling/monitoring points for all measurements (i.e., including locations and access points) shall be identified. 

3.4 The frequency of sampling/monitoring events, as well as the numbers for each sample type and/or location shall be provided, 
including QC and reserve samples. 

3.5 All measurements (i.e., analytical [chemical, microbiological, assays], physical, and process) shall be identified for each sample 
type or process, and project-specific target analytes shall be listed and classified as critical or noncritical in the QAPP. 

3.6 The planned approach (statistical and/or non-statistical) for evaluating project objectives shall be included. 

SECTION 4.0, SAMPLING PROCEDURES 

4.1 

4.2 

4.3 

Whenever applicable, the method used to establish steady-state conditions shall be described. 

Known site_ specific factors that may affect sampling/monitoring procedures shall be described. 

Any site preparation ·needed prior to sampling/monitoring shall be described. 
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4.4 Each sampling/monitoring procedure to be used shall be discussed or referenced. If compositing or splitting samples, those 
procedures shall be described. 

4.5 For samples requiring a split sample for either QNQC purposes or for shipment to a different laboratory, the QAPP shall Identify 
who is responsible for splitting samples, and where the splitting is performed (e.g., field versus lab). 

4.6 If sampling/monitoring equipment is used to collect critical measurement data (i.e., used to calculate the final concentration of a 
critical parameter), the QAPP shall describe how the sampling equipment is calibrated, the frequency at which it is calibrated, and the 
acceptance criteria for calibration or calibration verification, as appropriate. 

4.7 If sampling/monitoring equipment is used to collect critical measurement data, the QAPP shall describe how cross-contamination 
between samples is avoided. 

4.8 The QAPP shall include a discussion of the procedures to be used to assure that representative samples are collected. 

4.9 A list of sample quantities to be collected, and the sample amount required for each analysis, including QC sample analysis, shall 
be specified. 

4.10 Containers used for sample collection, transport, and storage for each sample type shall be described. 

4.11 Describe how samples are uniquely Identified. . 

4.12 Sample preservation methods (e.g., refrigeration, acidification, etc.), including specific reagents, equipment, and supplies 
required for sample preservation shall be described. 

4.13 Holding tirne requirements shall be noted. 

4.14 Procedures for packing and shipping samples shall be described. 

4.15 Procedures to maintain chain_of_custody (e.g., custody seals, records) during transfer from the field to the laboratory, in the 
laboratory, and among contractors and subcontractors shall be described to ensure that sample integrity is maintained. 

4.16 Sample archival requirements for each relevant organization shall be provided. 

SECTION 5.0, TESTING AND MEASUREMENT PROTOCOLS 

5.1 Each measurement method to be used shall be described In detail or referenced. Modifications to EPA_ approved or similarly 
validated methods shall be specified. 

5.2 For unproven methods, verification data applicable to expected matrices shall be included in the QAPP meaning the QAPP shall 
provide evidence that the proposed method Is capable of achieving the desired performance. 

5.3 For measurements which require a calibrated system, the QAPP shall include specific calibration procedures applicable to each 
project target analyte, and the procedures for verifying both initial and continuing calibrations (including frequency and acceptance criteria, and 
corrective actions to be performed if acceptance criteria are not met). 

SECTION 6.0, QNQC CHECKS 

6.1 At a minimum, the QAPP shall include quantitative acceptance criteria for QA objectives associated with accuracy, precision, 
detection limits, and completeness for critical measurements (process, physical, and analytical, as applicable) for each matrix. 

6.2 Any additional project-specific QA objectives shall be presented, Including acceptance criteria. This includes items such as mass 
balance requirements. 

6.3 The specific procedures used to assess all identified QA objectives shall be fully described. 

6.4 The QAPP shall list and define all other QC checks and/or procedures (e.g., blanks, surrogates, controls, etc.) used for the 
project, both field and laboratory. 

6.5 For each specified QC check or procedure, required frequencies, associated acceptance criteria, and corrective actions to be 
performed If acceptance criteria are not met shall be included. 

SECTION 7.0, DATA REPORTING, DATA REDUCTION, AND DATA VALIDATION 

7.1 

7.2 

7.3 

The reporting requirements (e.g., units, reporting method [wet or dry]) for each measurement and matrix shall be identified. 

The deliverables expected from each organization responsible for field and laboratory activities shall be listed. 

Data reduction procedures specific to the project, and also specific to each organization, shall be summarized. 

7.4 Data validation procedures specific to each organization used to ensure the reporting of accurate project data to Internal and 
external clients shall be summarized. 
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7.5 Data storage requirements for each organization shall be provided. 

7.6 The product document that will be prepared for the project shall be specified (e.g., journal article, final report, etc.). The contents 
of this document can be referenced to a NHSRC or program-specific QMP, if appropriate. 

SECTION 8.0, ASSESSMENTS 

8.1 The QAPP shall identify all scheduled audits (i.e., both technical system audits (TSAs) and performance evaluations [PEs)) to be 
performed, who will perform these audits, and who will receive the audit reports. 

8.2 

8.3 

The QAPP shall provide procedures that are to be followed that will ensure that necessary corrective actions will be performed. 

The responsible party(-ies) for implementing corrective actions shall be identified. 

SECTION 9.0, REFERENCES 

References shall be provided either in the body of the text as footnotes or in a separate section. 

QAPP REQUIREMENTS FOR SAMPLING AND ANALYSIS PROJECTS 
(from Appendix B of the NHSRC QMP) 

A sampling and analysts activity or project is typically defined as a study performed to generate data to either monitor parameters on a routine 
basis or to characterize a particular population for later studies. The following requirements should be addressed as applicable. 

SECTION 1.0, PROJECT DESCRIPTION AND ORGANIZATION 

1 '1 The purpose of the study shall be clearly stated in the sampling and analysis plan (SAP). 

1 . 2 Responsibilities and points of contact for each organization shall be identified in the SAP. This should include identification of key 
personnel and/or organization(s) responsible for sample collection and custody, analytical and/or process measurements, data reduction, report 
preparation, and quality assurance. 

SECTION 2.0, SAMPLING 

2.1 Sampling points for all measurements (I.e., analytical, physical, and process, Including locations and access points) shall be 
identified in the SAP whenever possible. If the specific locations cannot be Identified at the time of plan generation, discuss the documentation 
and/or communication mechanism(s) for ensuring adequate information is captured to later Identify sampling points. 

2.2 The anticipated sampling frequency (e.g., how many sampling events and how often events occur) and number of sample types 
(e.g., metals, VOCs, SVOCs, etc.) taken at each event shall be provided. 

2.3 The expected measurements (i.e., specific analytes) planned for each sample type shall be summarized. 

2.4 If applicable, known site_speciflc factors that may affect sampling procedures shall be described. 

2.5 If applicable, any site preparation (e.g., sampling device Installation, sampling port modifications) needed prior to sampling shall 
be described. 

2.6 Each sampling procedure to be used shall be discussed or referenced. 

2.7 If composlting or splitting of samples is planned, the applicable procedures shall be described. 

2.8 A list of sample quantities to be collected, and the sample amount required for each analysis, including QC sample analysis, shall 
be specified. 
2.9 Containers used for sample collection, transport, and storage for each sample type shall be described. 

2.10 Sample preservation methods (e.g., refrigeration, acidification, etc.) shall be described. 

2.11 Requirements for shipping samples shall be described. 

2.12 Holding times requirements shall be noted. 

2.13 Procedures for tracking samples in the laboratory and for maintaining chain_of_custody when samples are shipped shall be 
described. COC procedures shall be described to ensure that sample Integrity is maintained (labeling, seals, records). 

2.14 Information to be recorded and maintained by field personnel shall be discussed. 
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SECTION 3.0, TESTING AND MEASUREMENT PROTOCOLS 

3.1 Each analytical method to be used shall be referenced. This includes EPA-approved and other validated nonstandard methods. 

3.2 If applicable, modifications to EPA_approved or other validated nonstandard methods shall also be described. 

SECTION 4.0, QAJQC CHECKS 

4.1 The SAP shall list and define all QC checks and/or procedures used for the project, both field and laboratory as needed. 

4.2 For each specified QC check or procedure, required frequencies and acceptance criteria shalt be included. 

SECTION 5.0, DATA REDUCTION AND REPORTING 

5.1 Data reduction procedures specific to the project, and also specific to each organization, shall be summarized. 

5.2 The reporting requirements (e.g., units, reporting method [e.g., wet or dry]) for each measurement and matrix shall be Identified. 

SECTION 6.0, REPORTING REQUIREMENTS 

The deliverables expected from each organization responsible for field and/or analytical activities shalt be described. 

QAPP REQUIREMENTS FOR METHOD DEVELOPMENT PROJECTS 
(from Appendix 8 of the NHSRC QMP) 

A method development project Is typically needed in situations for which there exists no standard or known method, or when an existing method 
needs to be modified to meet a project-specific need. The following requirements should be addressed as applicable. 

SECTION 1.0, BACKGROUND 

A description of the situation that requires the generation of a new or modified method shall be clearly stated. Why are we doing this? 

SECTION 2.0, SCOPE AND APPLICATION 

The scope and application of the method shalt be clearly stated. Specifically, to what matrices, conditions, etc., will this method apply for this 
project? What detection limits and/or practical quantltation limits are needed? How is this method intended to be used in the future (e.g., 
research only, potential regulatory usage, etc.)? 

SECTION 3.0, PROJECT ORGANIZATION 

Responsibilities of all project participants shall be identified, meaning that key personnel and their organizations shall be identified, along with 
the designation of responsibilities for planning, coordination, sample collection, measurements (i.e., analytical, physical, and process), data 
reduction, data validation (independent of data generation), data analysis, report preparation, and quality assurance. 

SECTION 4.0, EXPERIMENTAL APPROACH INCLUDING SAMPLING AND ANALYTICAL SPECIFICATIONS 

4.1 A description of the test(s) to be conducted In order to support the development of the method shall be Included. All known or 
preestablished test conditions and variables shall be provided. 

4.2 All planned measurements (i.e., analytical [chemical, microbiological, assays, etc.], physical, and process) shall be Identified, and 
project-specific target analytes shall be listed. 

4.3 Any known restrictions/specifications for sampling (e.g., collecting soil samples from a site or water samples from a port, etc.) or 
subsampling (e.g., mixing sample before taking subsample for analysis, etc.) shall be documented. Include specifications for: type and size of 
sample containers; amount of sample needed for preparation and analysis; preservation; holding times; representativeness; composlting; QC 
samples; etc. 

4.4 The type of instrumentation that will be used and any required instrument conditions shall be documented. Include a discussion 
of calibration and calibration verification Including frequency, acceptance criteria, and corrective action to be taken if acceptance criteria are not 
met. 

SECTION 5.0, QAJQC CHECKS 

Any planned QC checks and criteria that must be met for the method to be considered successful shall be specified. QC checks may include 
spikes, replicates, blanks, controls, surrogates, etc. 

Note: For chemical methods, quality control procedures to determine the precision, accuracy, and method detection limit should be described. 
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For microbiological methods, positive and negative control procedures should be described. 

SECTION 6.0, METHOD VERIFICATION 

The tests that will be used to verify the method's performance once it's been developed shall be specified. 

SECTION 7.0, REPORT 

The report for a successful method development project will be a method written in a format appropriate for the application e.g., SW-846 for 
RCRA applications, Standard Methods for bacteria in drinking water, a SOP for a specific application (with supporting method performance data 
appended), etc. 

SECTION 8.0, REFERENCES 

References shall be provided either in the body of the text as footnotes or in a separate section. 

NHSRC QA 
To the Statement of Work 

Requirements/Definitions List 
EPAs Quality System Website: http://www.epa.gov/gualj!y 
EPA's Requirements and Guidance Documents: http://www.epa.gov/gualitv/ga docs.html 
EPA's Quality System Website: http://www.epa.gov/guality/gs-docs/rS-final.pd! 

Attachment # 2 

In accordance with EPA Order 5360.1 A2, conformance to ANSI/ASQC E4 must be demonstrated by submitting the quality documentation 
described herein. All Quality documentation shall be submitted to the Government for review. The Government will review and return the 
quality documentation, with comments, and indicate approval or disapproval. If the quality documentation is not approved, it must be revised 
to address all comments and shall be resubmitted to the Government for approval. Work involving environmental data collection, generation, 
use, or reporting shall not commence until the Government has approve the quality documentation. The Quality Assurance Project Plan 
(QAPP) shall be submitted to the Government at least thirty (30) days prior to the beginning of any environmental data gathering or 
generation activity in order to allow sufficient time for review and revisions to be completed. After the Government has approved the quality 
documentation, the Contractor shall also implement it as written and approved by the Government. 

NHSRC's Quality System Specifications for Extramural Actions-

These requirements typically pertain to single project efforts. The five specifications are: 

(1) a description of the organization's Quality System (QS) and Information regarding how this QS is documented, 
communicated and implemented; 

(2) an organizational chart showing the position of the QA function; 
(3) delineation of the authority and responsibilities of the QA function; 
(4) the background and experience of the QA personnel who will be assigned to the project; and 
(6) the organization's general approach for accomplishing the QA specifications In the SOW. 

NHSRC QA Requirements/Definitions List 
Category Level Designations (determines the level of QA required): 

D 
D 
D 
D 

Category I Project. applicable to studies performed to generate data used for enforcement activities, litigation, or research project 
involving human subjects. The QAPP shall address all elements listed in "EPA Requirements for QA Project Plans, EPA QA/R-5. 

Category II Project • applicable to studies performed to generate data used in support of the development of environmental 
regulations or standards. The QAPP shall address all elements listed in "EPA Requirements for QA Project Plans, EPA OA/R-5. 

Category Ill Project • applicable to projects involving applied research or technology evaluations. The QAPP shall address the 
applicable sections of "EPA Requirements for QA Project Plans, EPA QA/R-5 as outlined in the NHSRC's QMP: QAPP 
requirements for the specific project type (see below). 

Category IV Project • applicable to projects involving basic research or preliminary data gathering activities. The QAPP shall 
address the applicable sections of "EPA Requirements for QA Project Plans, EPA QAIR-5 as outlined in the NHSRC's QMP 
QAPP requirements for the specific project type (see below). 

Project Types: 
These outlines of NHSRC's QAPP Requirements for various project types, from Appendix B of the NHSRC QMP (except where 
otherwise noted), are condensed from typically applicable sections of R-6 (EPA Requirements for QA Project Plans) and are 
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Intended to serve as a starting point when preparing a QAPP. These lists and their format may not fit every research scenario and 
QAPP's must conform to applicable sections of R-5 in a way that fully describes the research plan and appropriate QA and QC measures to 
ensure that the data are of adequate quality and quantity to fit their intended purpose. 

D 
D 
D 

D 
D 
D 
D 
D 

D 

Applied Research Project - pertains to a study performed to generate data to demonstrate the performance of accepted 
processes or technologies under defined conditions. These studies are often pilot- or field-scale. The QAPP shall address all 
requirements listed In "QAPP Requirements for Applied Research Projects" from Appendix B of the NHSRC QMP. 

Basic Research Project. pertains to a study performed to generate data used to evaluate unproven theories, processes, or 
technologies. These studies are often bench-scale. The QAPP shall address all requirements listed in "QAPP Requirements for 
Basic Research Projects" from Appendix B of the NHSRC QMP. 

Design, Construction, and/or Operation of Environmental Technology Project - pertains to environmental technology 
designed, constructed and/or operated by and/or for EPA. The QAPP shall address requirements in the EPA Quality System 
document "Guidance on Quality Assurance for Environmental Technology Design, Construction, and Operation" G-11, at 
http//www.epa.gov/quality/QS-docs/g11-finat-Q~df.. For additional information, you may refer to Part C of "Specifications and 
Guidelines for Quality Systems for Environmental Data Collection and Environmental Technology," ANSI/ASQC E4-1994, American 
Society for Quality Control, Milwaukee, WI, January 1995. 

Geospatlal Data Quality Assurance Project • pertains to data collection; data processing and analysis; and data validation of 
geospatial applications. The QAPP shall address requirements in the EPA Quality System document "Guidance for Geospatial 
Data Quality Assurance Project Plans" G-5S at h!!Q.ii""'-WW~~.9.9Y!.~lJJ.Ei.i.!Y!9.§.:9_\?.G.$!il.2fl:.fl!l§i~Q.?.P9.L 

Method Development Project • pertains to situations where there Is no existing standard method, or a standard method needs to 
be significantly modified for a specific application. The QAPP shall address all requirements listed in "QAPP Requirements for 
Method Development Projects" from Appendix B of the NHSRC QMP. 

Model Development Project. includes all types of mathematical models including static, dynamic, deterministic, stochastic, 
mechanistic, empirical, etc. The QAPP shall address requirements in the EPA Quality System document "Guidance for Quality 
Assurance Project Plans for Modeling'' G·5M at b..l.!Qli~~QY./guali.!.YLQ.S·docs.lg_~m:fiMt.P.9L 

Sampling and Analysis Project • pertains to the collection and analysis of samples with no objectives other than to provide 
characterization or monitoring information. The QAPP shall address all requirements listed in "QAPP Requirements for Sampling 
and Analysis Projects" from Appendix B of the NHSRC QMP. 

Secondary Data Project. pertains to environmental data collected from other sources, by or for EPA, that are used for purposes 
other than those originally intended. Sources may include: literature, industry surveys, compilations from computerized databases 
and information systems, and computerized or mathematical models of environmental processes. The QAPP shall address all 
requirements listed in "QAPP Requirements for Secondary Data Projects" from Appendix B of the NHSRC QMP. 

Software Development and Data Management Project· pertains to software development, software/hardware 
systems development, database design and maintenance, data validation and verification systems. The QAPP shall address all 
requirements listed in "QAPP Requirements for Software Development Projects" from Appendix B of the NHSRC QMP. 

Definitions: 

Environmental Data- These are any measurement or information that describe environmental processes, location, or conditions; ecological 
or health effects directly from measurements, produced from software and models, and compiled from other sources such as data bases or 
the literature. For EPA, environmental data include Information collected directly from measurements, produced from software and models, 
and compiled from other sources such as data bases or literature. 

Incremental Funding· Incremental funding is partial funding, no new work. 

Quality Assurance (QA) ·Quality assurance is a system of management activities to ensure that a process, item, or service is of the type 
and quality needed by the customer. It deals with setting policy and running an administrative system of management controls that cover 
planning, implementation, and review of data collection activities and the use of data in decision making. Quality assurance is just one part of 
a quality system. 

Quality Assurance Project Plan (QAPP) ·A QAPP is a document that describes the necessary quality assurance, quality control, and other 
technical activities that must be implemented to ensure that the results of the work performed will satisfy the stated performance criteria. A 
QAPP documents project-specific information. 

Quality Control (QC)- Quality control is a technical function that includes all the scientific precautions, such as calibrations and duplications, 
which are needed to acquire data of known and adequate quality. 
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Quality Management Plan (QMP) -A QMP is a document that describes an organization's/program's quality system in terms of the 
organizational structure, policy and procedures, functional responsibilities of management and staff. lines of authority, and required interfaces 
for those planning, implementing, documenting, and assessing all activities conducted. A QMP documents the overall organization/program, 
and is primarily applicable to multi-year, multi-project efforts. An organization's/program's QMP shall address all elements listed in the 
"Requirements for Quality Management Plans" in Appendix B of the NHSRC QMP. 

Quality System - A quality system is the means by which an organization manages its quality aspects in a systematic, organized manner and 
provides a framework for planning, implementing, and assessing work performed by an organization and for carrying out required quality 
assurance and quality control activities. 

R-2. EPA Requirements for Quality Management Plans (EPA/240/B-01/002) March, 2001 t'.t\P.JCt.'"'i!V_._E!.Q_'l .. 9.QY.I9.\!_?1iiY!P~:_<;1()C.§•:rZ:\I[!!'!.L.R9.L 

R-5. EPA Requirements for Quality Management Plans (EPA/240/B-01/002) March, 2001 h_t_tp_:_I~YVV'N §I?.'! g:~v:gy<ll,ty:Q_!?:(J.Q()!?!':;c(!!}'l),Q9L 

Substantive Change- Substantive change is any change in an activity that may alter the quality of data being used, generated, or gathered. 

Technical Lead Person (TLP)- This person is technically responsible for the project. For extramural contract work, the TLP is typically the 
contracting officer's representative (COR). For intramural work, the TLP is typically the Principal Investigator: 

Abbreviations: 
COR Contracting Officer's Representative 

NHSRC National Homeland Security Research Center 

NRMRL National Risk Management Research Laboratory 

QAID Quality Assurance Identification 

QAPP Quality Assurance Project Plan 

as Quality System 

TLP Technical Lead Person 

Attachment #2 to the Statement of Work 
Revision 1. March 2006 
NHSRC 06/02 
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lAG 

QA 

QAM 

QMP 

sow 
CRADA 

Interagency Agreement 

Quality Assurance 

Quality Assurance Manager 

Quality Management Plan 

Statement of Work 

Cooperative Research & Development Agreement 


